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ABSTRACT % 

This handbook contains journal articles, reports, and 
documents collected for the purpose of providing school 
administrators with current information on computer applications in 
public schools. The first part of the handbook includes reports on 
computer oriented programs in the schools of Alaska and Oregon, 
procedures fcr assessing computer needs, recommendations for 
evaluating and purchasing computer hardware, and some model 
applications of computers for teaching the handicapped and/or in 
basic skills programs. The second part provides profiles at schools 
and school districts currently using mi cr-*r routers as part of their 
instructional program. Each profile prase a a description of a 
specific computer project, including hardware, software, personnel, 
costs and a contact person and phone number for arranging on-site 
visits. Additional sources of information oh computer applications in 
educational settings are identified in bibliographies accompanying 
many of the reports and in a resource list at the end of the 
handbook. (MER) 
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MICROCOMPUTERS IN TODAY'S SCHOOLS: ARTICLES 



The following collection of journal articles, reports and 
documents is designed to provide background information for 
those persons interested in educational applications of micro- 
computers. Additional sources of information are identified in 
bibliographies accompanying many of the retorts and in the 
Resource List included in this Handbook 
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P. Rapaport and w. G. Savard 
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Office of Planning and Research 
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Developed by Audit and Bva^ ion Program 
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for the 

Alaska Department of Education 
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PREFACE 



This report is one of several in a series of reviews of research 
literature conducted for the Alaska School Effectiveness Project. 
Each of the reports addresses a topic which is deemed to have an 
impact, actual or potential, on school effectiveness. All of the 
reports have been generated using the same general approach atod a 
coma reporting format. 

The review process begins with a topical literature search using 
both computer based ERIC and conventional library methods. Articles 
and other documents found are analyzed and abstracted into a brief 
form called an Item Report. Each of the items is then judged against 
a set of pre-establisheo criteria and ranked on a five-point scale. 
The collection of Item Reports are then examined for purposes of 
identifying issues. These issues are stated in the form of 
hypotheses. Each hypothesis thus generated becomes the subject of a 
Decision Display , A Decision Display is created by sorting the Item 
Reports into those which support or negate the hypothesis, are 
inconclusive, are badly flawed, or are irrelevant. One or more • 
Decision Displays are generated for each topic addressed. A Summary 
Report is then generated from the consideration of the Decision 
Displays and the file of Item Reports. Thus, each complete report in 
the ser.es consists of a Summary Report which is backed up by one or 
more Decision Displays which in turn are supported by a file of Item 
Reports. ^This format was designed to accommodate those readers who 
might wish to delve into various depths of detail. 

This report is not intended to represent the "final word" on the 
topic considered. Rather, it represents the analysis of a particular 
collection of research documents at this time. There may be other 
documents that were not found because of time or other lir tations. 
There may be new research published tomoiro*. This present report 
represents our best 3udgment of> available information at this time. 
This format allows for modification and re-analysis as new 
information becomes available or old information is re-interpreted. 

FOr a more complete description of the analysis process see 
William G. Sarvaro, Procedures for Research on School Effectiveness 
Project , Northwest Regional Educational Laboratory, December 10, 1980 



Topic: Computer-Assisted Instruction 
Authors: P* Rapaport/W. G.'Savard 
Date: December 12, 1980 

Overview 

Educators have recently begun to examine computer-assisted instruction 
4CAI) more closely, due to the recent slashing of computer costs caused by th£ 
technological advances which produced the mini- and micro-computer. These 
technological advances have rendered obsolete CAI cost information which is 
01 er two years old. Micro-computers with enough power to provide CAI 
practice, problem solving and simulation are now quite inexpensive, some 
costing less than $2,000. Over a four-year period, such a system could cost 
less than $1 par student hour, including courseware, thus making CAI 
increasingly attractive from the financial point of view. There are also new 
levels of convenience. When CAI was first tried on a large scale, the it was 
necessary to bring the students to the computer terminals^ , The present state 
of the' art brings the computer to the student and requires no communication 
costs, no special operating personnel and little or no modification of 
facilities. The basic remai *ng question then is, how well dees it work in 
promoting student learning? 

M^jor Findings 

Achievement . The studies covered in this report are generally 

well-designed and show remarkable consistency in their findin9s. Almost every 

\ 

study finds that traditional instruction, suppleme teo by CAI, leads to higher 
achievement than traditional instruction alone. Two of the three reviews 
which are included in this rsport bailed to report a single case of 
contradictory findings. Even the extensive review by Thomas (1979) could enly 
uncover one secondary typing course, one college + accourvtmg class and one 




community college course where traditional instruction was touna to be 
superior. All the elementary studies , and virtually all the secondary studies 
reports achievement gains by the students receiving CAI. 

Studies of CAI as a replacement for traditional instruction are not as 
conclusive. Most of the studies reviewed by Edwards and her colleagues {1975) 
do not find CAI alone superior to traditional instruction alone. However, 
nearly halt of those studies do find higher achievement in the CAI group. 

A very few of the studies reported differences in the effectiveness of CAI 
baseu upon characteristics oi the students, Thfee studies report that CAI is 
more effective for low 'ability students than for high ability students. Two 
other studies report that boys benefit from CAI more than girls co, but one 
study fails tofind any differences. However, both of these findings may be 
caused by a ceiling effect; in both cases, Uie groups which improved the most 
had the most room to improve. 

Attitude . Most studies find that CAI students have a better attitude 
toward the subject matter than students who received traditional instruction 
alone. Many studies do not find a difference in attitude, and Thomas's review 
found one study with more negative attitudes in the CAI study. This was in 
the same community college study which found less achievement in one of the 
CAI groups. The usual finding is that students have a very positive and 
enthusiastic response to the CAI course. 

Other Findings . All of the studies which reported the amount of time 
taken by students to learn the material found that, compared with 
traditionally instructed students, CAI students complete the same material 
in21ess time or more material in the same time. There is no consistent 
evidence that there is any difference in the retention rates of CAI and 
traditionally instructed students. Thomas (1979) reviewed three studies which 
show that students can be assigned to share terminals and still achieve as 
much as students assigned to individual terminals. 

8 11 
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Conclusions 

, / 

The research findings make it clear that CAI is an effective supplement to 

traditional instruction. The evidence is not strong enough to support 

teaching b> CAI exclusively; a comb* approach seems to work best. 

Coaputer-assisted instruction is also popular with students ana often improves 

their attitude toward the subject matter. The CAI approach usually results in 

the students learning pore material in a given time period, or the same amount 

of material in less time. Fears that students wouia forget CAI learned 

material more easily than traditionally learned materials appear to be 

unfounded although findings in this area are mixed or inconclusive. 



Recommenda t ion s 

It is recommended that the use of computer-assisted instruction be 
actively proncted and expanded. This would be especially important for small 
schools in rural areas where it; is difficult to offer full schedules of 
classes to limited numbers of students. It is also recommended that the use 
of computer-ass^ ted instruction be increased with low-achieving students and 
with students wlWtend to be alienated by traditional teaching methods* 

It is recognizecHSiat the development of CAI programs may be beyond the 
capabilities of some small districts. It is therefore recommended that the 
state take a leadership role in such development efforts, providing both 
financial support and technical expertise. 



COMPUTER-ASSISTED INSTRUCTION 
Decision Display 
#1 



gastetement of issue as a hypothesis : 

Computer-Assisted instruction , when combined with traditional instruction, leads to 
higher achievement than traditional instruction alone. 



Itesi 
Number 



Short Title 



Quality Rating 
of Study 

I 1 



Items which tend to support hypothesis : 

6 Edwards, et al«, 1975, CAI Review 

60 rletcher 6 Atkinson, 1972, Stanford CAI 

20 £orii:?tt f 1980, CAf, Rtmedial Ma*h 
59 Thomas, 1979, CAI review 

26 Vincent, 1977, CAI, Special Education 

8 Wilson, 1980, CAI Review 

35 Leunetta t Blick, 1973, CAI, Physics 

21 Litman, 1977, CAI, Reading 
19 Pachter, 1979,~»VJ*ath 

3 Ragosta, et al., 1910, TC*£ longitudinal 

Study ^-^^ 

17 Wilkinson, 1979, CAI, PLAN \ 

13 Wilson a rittgibbon, 1970, CAI, English 

2? aaberman, 1977, CAI, Disturbed Children 



] |A11 studies support) 

J 

J 



] (52 studies support) 
J 

] (19 studies support) 

J 
I 
J 
J 



13] 
12] 



Items which tend to deny hypothesis > 
59 Thomas, 1979, CAI Review 



14] |3 studies deny) 



Items which are Inconclusive regarding the hypothesis : 



59 Thomas, 1979, CAI Review 

8 Wilson, 1980, CAI Review 



14] |4 stuai jB inconclusive) 
14] 12 studies inconclusive) 



Itsrs vliich were excluded because they were weak : 

25 Annelii, 1977, CAI Reading 

5 KJnis, et al. , 1980, CAI, Algebra 



II] 

11] 



13 



10 



I ttjM which were excluded because they were judged to be irrelevant to this 
hypothec \» i 

7 Martin, 1973, CAl, Drill and Practice 13} 

16 Caa»ie f 1977, CAI, Career Education 12] 

18 Schaeffer, 1979, CAI, College German 

Drill Practice 

23 Drake, 1978, CAI, Guidance *|2] 

24 Beck, 1979, CAI, Student Attitude 

61 Beck, 1979, CAI, Attitude 

62 Suppes, et al., 1968, CAI, Arithmetic 
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^ COMPUTER-ASSISTED INSTRUCTION 

Decision Display 
#2 



jtectotegent of iiiut as a hypothesis : 

r 

CAI alone leaas to higher achievement than traditional instruction alone. 

t 

Quality Rating 

Ite» of Study 
Number Short Title M 



Items which tend to support hypothesis i 

6 Edwards, et al., 1975, CAI Review 14] (9 studies support) 



I tews which tend to deny hypothesis ? 
None 



Items which are inconclusive regaroing the hypothesis * 

6 Bdwaras, et al., 1975, CAI Review 14] (11 studies inconclusive) 



I teas which were excluded because they were weak : 
None 



I teas which were excluded because they were judged to be irrelevant to this 
hypothesis i 



60 « 


Fletcher 


& Atkinson, 1972, Stanford CAI 


20 


Hodiaett 


, 1980, CAI, Remedial Math 


59 


ThoMS, 


1979, CAI Review 


26 


Vincent, 


1977, CAI, Special Education 


8 


Wilson, 


1980, CAI Review 


35 


Leunetta 


fc Blick, 1973, CAI, Physics 


21 


Li tman, 


1977, CAI, RMding 


19 


Facuter, 


1979, CAI, Math 


3 


Ragosta, 


et al., 1980, CAI Longitudinal 



Study 



15 



12 



7 



Items which were excluded because they were judged to be irrelevant to this 
hypo thee ie t (Continued) 



17 Wilkinson, 1979, CAJ, PLAN 13] 
13 Wilson & Fitzgibbon, 1*70, CAI, English 13] 
25 Annelli, 1977, CAI, Reeding 11 J 

5 Menis, et al. # 1980, CAI, Algebra II] 

16 Cassie, 1977, CAI, Career Education 12] 

18 Schaeffer, 1979, CAI, College German 

Drill Practice 

23 Drake, 1978, CAI, Guidtnct 12] 

24 Beck, 1979, CAI, Student Attituoe 

61 Beck, 1979, CAI, Attitude 

62 Suppes, et ml.; I960, CAI, Arithmetic 
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COMPUTER- ASSISTED INSTRUCTION 
Decision Display 
#3 



Rests tement of issue as a hypothesis : 

Go»puter-Assisted Instruction leads to better attitudes toward the subject matter 
than, are found in students receiving traditional instruction. 

Quality Rating 

Item o£ Study 
Mugger Short Title _^ t 1 

^ Items which tend to support hypothesis i 

59 Thoisas, 1979, CAI Review 14] UO studies support) 

26 Vincent, 1977, CAI, Special Education 14] 

8 Wilson, 1980, CAI Review 14] *21 studies support) 

19 Pacnter, 1979, CAI, Math 13] 

Items which tend to deny hypothesis ! 

59 fhomas, 1979, CAI Review 141 <1 study deny) 

If — which are Inconclusive regarding the hypothesis ; 

59 Thoaas, 1979, CAI Review Ml <7 studies inconclusive) 

8 Wilson, 1980, CAI Rsview 14J <21 studies inconclusive) 

35 Leun*tta 6 Blick, 1973, CAI, Physics 13] 



I teas yhich were excluded because they were week s 



None 



Item*, which were excluded because they were judged to Be irrelevant to this 
hypothesis i 

8 Edwards, et el., 1975, CAI Review 14] 

60 Fletcher 4 Atkinson, 1972, Stanford CAI (4] 

20 Moaisett, 1980, CAI, Rsaedial Math 14] 

21 Litaan, 1977, CAI, Reading 13] 
7 Martin, 1973, CAI, Drill and Practice 13] 
3 Ragoete, et al., 1980, CAI, Longitudinal 13] 

* Study 
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Items which were excluded because they were judged to be irrelevant to this 
hypothesis i (Continued) < 



17 Wilkinson; 1979, CAI, PLAN 131 
13 Wilson fc Fitxgibbon, 1970, CAI, English 13] 
2b Annelli, 1977, CAI, Reading [1J 

5 Menis, et el, , 1980, CAI, Algebra [1] 

16 Cassis, 1977, CAI, Career Education 12] 

18 Schaeffer, 1979, CAI, College German 

Drill Practice 

23 Drake, 1978, CAI, Guidance [2] 

24 Beck, 1979, CAI, Student Attitude 

61 Beck, 1979, CAI, Attitude 

62 Suppee, et al., ^968, CAI, Arithmetic 
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COMPUTER-ASSISTED INSTRUCTION 
Decision Display 
• 4 

Restatement of issue as a hypothesis ? 

Students receiving CAI complete the same materials as traditionally instructed 
students in less time, or they complete more material in the same time. 



Item 
Number 



Short Title 



Items which tend to support hypothesis t 

6 Edwards, et al/, 1975, CAI Review 

59 Thomas, 1979, CAJ Review 

b Wilson, 1980, CAI Review 



Quality Rating 
of Study 
1 1 



14] (9 utudies support) 
|4] (10 studies support) 
14] d studies support) 



Items which tend to deny hypothesis ! 
None 

Items which are inconclusive regarding the hypothesis t 

Nont* 



Items which were excluded because they were '?eak t 
None 



Items which were excluded because they were judged to Ke irrelevant to this 
hypothesis t ! 

60 Flatcher t Atkinson, 1972, Stanford CAI 1 4] 

20 Modisett, 1980, CAI, Remedial Math 14] 
26 Vincent, 1977, CAI, Special Education 14] 
35 Leunetta k Slick, 1973, CAI, Physics 13] 

21 Litman, 1977, CAI, Reading 13] 
7 Martin, 1973, CAI, prill and Practice 13] 

19 Pachter, 1979, CAI, Math 13] 

3 Ragosta, et al . , 1910, CAI Longitudinal ' 13] 

Study 
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If mm which were excluded because they were judged to be irrelevant to this 
hypothesis i (Continued) 



17 Wilkinson, 1979, CAI, PLAN i 3 J 

13 Wilson & Fitagibbon, 1970, CAT, English |3] 

25 Annelii, 1977, CAI, Reading (l) 

5 Mania, et al . , 1980, CAI, Algebra |lj 

16 Cassis, 1977, CAi, career Eaucation |2] 

id Bchaeffer, 1979, cai, college German 

Drill Practice * 

23 Drake, 1978, CAI, Guidance |2J 

24 Beck,- 1979, CAI, Sttfosnt Attitude 

61 Beck, 1979, CAI, Attitude 

62 Suppes, er al., I960, CAI, Arithmetic 
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COMPUTER- ASSISTED INSTRUCTION 
Dtcifiion Display 
• 5 



/ 

Restatement of tgsug aa g hypothesis i 

CM students forget the material they have learned over long perioos more than 
traditionally instructed students forget. 



Item 
Number 



Short Title 



Quality Rating 
of Study 

I ) 



Items which tend to support hypothesis : 

6 Edwaraa, tt ti M 1975, CAI Review 

8 Wilson, 1980, CAI Review * 



|4] (9 studies support) 
14} (2 studies support) 



Items which tend to deny hypothesis ! 
8 Wilson, 1980, CAI Review 



14] 12 studies deny) 



Items which are inconclusive regarding the hypothesis i 



6 Edwards, et ml., 1975, CAI Review 

59 Thomas, 1979, CAI Review 

8 Wilson, 1980, CAI Review 

35 Leurrtta a Blick, 1973, CAI, Fhyaica 



1 4 J (9 studies inconclusive) 

14) (10 studies inconclusive) 

14} (2 studies inconclusive) 
13} 



Items which wero excluded because they were weaki 
None 



Items which were excluded becauae they were judged g> be irrelevant to this 
questio n t 

60 Fletcher a Atkinson, 1972, Stanford CAl 

20 Modisett, 1980, CAI, Remedial Math 
26 Vincent, 1977, CAI, Special Education 

21 Litmen, 1977, CAI, Reading 
7 Martin, 1973, CAI, Drill and Practice 

19 Pachter, 1979, CAI, Math 

3 Ragoata , et al,, 1980, CAI Longitudinal 

Study 
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Item* which were excluded because they were -judged to be irrelevant to this 
hypothec ill (Continued) " ^ 



1 - 


Wilkinson, 1979, CAI, PLAN 


13] 


J. J 


wiison ft FitzgiDDon, 1970, CAI, Engusn 


UJ 


25 


Annelli « 197 7 • CAI . Readina 


111 


5 


Menis, et al v 1980, CAI, Algebra 


UJ 


16 


Cassie, 1977, CAI, Career Education 


12) 


18 


Schaeffer, 1979, CA2, College German 






• Drill Practice 




23 


Drake, 1978, CAI, Guidance 


121 


24 


Beck, 1979, CAI, Student Attitude 




61 


Beck, 1979, CAI, Attitude 




62 


Suppes, et al., 196b, CAI, Arithmetic 
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These reports are derived from a study done for the Portland 
Public. Schools (Portland, Oregon) by the Computer Technology 
Program, Northwest Regional Educational Laboratory, December 
1980. Used by permission. 



9 

ERIC 



25 

23 



The Demand for Instructional Com puting: 
ip Societal and Educational 

M^e June 30,* 1980 issue of Newsweek introduced its seven-page feature 

articlf^on computer technology with these words: 

A revolution is underway. Moat Americans are 
already well aware of the gee-whiz gadgetry that is 
emerging, in rapidly accelerating bursts, from the 
world's high-technology laboratories* But most of us 
perceive only dimly how pervasive and profound the 
changes of the next twenty years will be. We are at 
the dawn of the era of the smart machine— an" 
"information age* that will change forever the way an 
entire nation works, plays, travels and even 
thinks.... Bven computer scientists, who best 
understand the galloping technology and its 
potential, are wonderstruck by its implications.-*. 

(And) 

The explosion is just beginning. ... (1) 
Computers have already taken their place in the everyday lives of 
Americans in all jwctors of our society. Behind the scenes, computers 
are a part of automobiles, TVs, toys, microwave ovens, electronic games, 
and home security systems, as well as police surveillance systems, 
banking and billing systems and so forth. On center stage computers 
confront many Americans through computerized home-eater tainraent systems, 
and everyday we run into more and more computer terminals checking out 
our groceries or other purchases at stores, checking out our book^ at the 
library, or checking our pulse and heart rate during our routine physical 
examinations at the doctor's office, with the advent of affordable 
desk-top microcomputers in the last years of the 1970's, the versatile, 
challenging, intriguing and useful microcomputer "itself is becoming an 
increasingly ce tooh feav":e in American homes. 

Not only is the assurance given in the June, 1979 issue of American 
Bducation obviously truei "Like television, computers are here to 
stay," (2) but, the vision of Dr. Seymour Papeat of M.I.T. during 



Congressional Hearings in 1977 character ixes cleat ly the * place computers 

art taking in our lives* 

During the nineteen eighties small but 
immensely powerful personal computers will become 
at much a part of everyone's life as the TV, the 
telephow* the printed paper and the notebook. 
Indeed computers will integrate and supersede the 
functions of these and other oosnunlcatlonal and 
recreational home technologies. (3) 

The predicted omnipresence of computers casually in our daily lived 



takes a beck seat only to the spectacle of a related development: our 

industrial society is rapidly becoming predominantly an "information 

society" in which, today, 

science-based information industries account for 
more than one-half of our gross-national^product 
(GMF) and over half of all our jobs. The 
professional and technical segment is one of the 
fattest growing employment sectors in our work 
force. Computers have beccms a critical and 
indispensable part of this development. (4) 



Am a result of these progressive developments in our society, 

educators in America today are recognising the importance of computer 

literacy, on the part of the populace. 

It is important ^ >r all citiiehs to understand what 
computers can and unnot do. Students should be , 
aware of the many uses of computers in society, 
such as their use in teaching/learning, financial 
transactions and information storage and 

^retrieval. The "mystique* surrounding computer a is 

disturbing and can put persons with no 
understanding of computers *t a disadvantage* The 
increasing um of computers by government, industry 
and business demands an «wareness of computer uses 
and limitations. (5) 

further, as one of education's central aims L; to prepare students to 

take their places as productive, contributing citizens, the question 

asked by Dr. 1.. James Rutherford of the National Science Foundation in 

J 979 is one with which all responsible educators are coming to grips t 
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How will students denied access to oomputer-xelated 
•kills fare in the competition for jobs an$ 
advanced academic training in an information 
srjiety7(6) ^ 

impetus to incorporate computers into the curriculum has come to 
education, however, not only from the developments in the society which 
it servas, but from within Its own precincts, American education has 
beta characterised aa developing in three phases. The first may be 
typified aa the early commitment to universality of educationaF 
privileges, which shaped and has been shaped by media (lecture-technique, 
te^books, films and recordings) suited to instruction of large numbers 
of students. In the last two decades, emphasis moved to equality of 
universal education, with attention centering on segments of the student 
population in need of special instructional methods and modes: the 
underprivileged (largely minority children} , under achievers, the gifted 
and the handicapped. In the last decade, the focus has broadened (or 
deepened) to concern for the quality of education, with attendant 
emphasis on individual needs, significant achievement and overall 
accountability. (7) 

In pursuit of the goals and solutions to the problems addressed in 
each* phase, education has progressively adapted and expanded its methods 
and media. In the recent tw» ;cades, diversification and 
individualization of instruction have joined with accountability and 
relevancy as focuses of modification of instructional methods. During 
this period, computers have, of course, been introduced into the 
curriculum in the form of classes in programming and data processing 
techniques where appropriate. Further, however, fcomputers have been the 
center a growing tide of interest due to their versatility and 
potential power in direct instruction, as well as to their relevancy and 

• 



interest to students as modern mechanisms which can be controlled, 

manipulated, and interacted with personally or in groups with 

considerable satisfaction. As Dr. Richard Otte of the National Institute 

of Education pointed out in 1978, the fundamental goal of universality in 

education can be served well by computers in instruction as they provide 

a variety of instructional strategies and delivery 
modes, ^Sind can be * useful and exciting means for 
expanding learning opportunities. (8) 

In particular, educational professionals have been researching and 

analysing the effectiveness of computers in the areas central to the \^ 

concern for educational equality and quality i the underpriveleged, r 

underachieving, gifted, and handicapped students and the basic skills. 

Or* Sylvia Charp of the Philadelphia School District expresses the 

characteristic improvement in participation by the disadvantaged: 

...many "reluctant laarners" who are involved in 
computer supported progams begin to lose their 
hesitancy, respond, and become more active and 
interested learners* (9) 

Dr. Dorothy A. Sisk, Director of the Office of the Gifted, U.S. 

Office of Education, explained the success of computers in instruction 

for the gifted as centering on twr roles: first, the computer can serve 

as a comprehensive in-depth information source in the classroom for the 

gifted, and can provide a new and challenging vehicle for expressing 

their ideas. In summary, Dr. Sisk suggested: 

...the computer can serve as a means for gifted 
students to acquire information at the rapid pace 
they are capable of learning and acquire the use of 
the computer as a viable and necessary skill for 
the coming age of technology. (10) 

For the special group of students technically considered 

handicapped? The American Bducation Journal described a few of the 

advances in the technology which allow blind students to read through 
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print-to-English conversion mechanisms, deaf or palsied students to 
communicate over distances through typed messages on terminal screens , 
and concluded: 

The v*lue of computers in education for the handicapped in 
incalculable. (11) 

And basic skills! Since the »id-1960 , - f the national levels of 
achievement of basic skills has been declining a* expressed by SAT 
^scores . The tasks of reversing the trend have promoted much of the 
research into the effectiveness 0 f computers not only in providing . 
instruction through computer-based drill and practice but in carrying out 
efficient tracking and individualization of instruction which an unaided 
teacher with a clasu of 25-30 students cannot hope to perform 
extensively. The research altogether has shown the patient/attentive/ 
responsive computer to be an effective drill master for students in basic 
and remedial instruction. As the California State Department of 
Education reported in 1977, "The results from many years of careful 
research and development in CAT are very positive as to its effectiveness 

as a learning tool. "(12) 

/ 

And reporting to the Congressional Heari**** assembly in 1979 on 
"Information and Comrauni cat ions Technologies Appropriate in Education," 
Dr. Nellouise Watkins of Bennett College articulated the concern over 
basic skills and the implicit need for the efficient individualization of 
instruction. In her words, "Research has shown the task can be 
accomplished with the computer." (13) 

In susaaary, the prospects of computers joined with traditional 
instructional method* to further the aims of equality and quality of 
education appear to be excellent. 
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Schools across the nation have been responding to the developing 
societal and educational demands for computers in the schools as funds , 
expertise, and understanding have allowed. The State of Oregon has baen 
amrmg the leaders in educational computing during the last decade, with 
the establishment of the Oregon Council for Computers in Education (which 
ha« now become the International Council on Computers in Education) ? and 
wi*h the publication of the teacher -oriented instructional computing 
magazine The Oregon Comput^ Teacher (which has « become The Computfng 
Te acher with a national subscription list)* 

Oregon educators have given consistent attention to the expansion of 
computer technology within their school districts and through the ^fforts 
of the Council on Computers in Education have established a program of 
instructional computing. Thus, they find themselves in an advantageous 
position at the beginning of the 1980's mrJte increasingly effective 

ur*3 of computers in achieving the goals of equality and quality in 

i 

education, as well as in better preparing students to take their places 
at confident computer-literate producers and citizens in the information 
society dawning around us* 
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h Survey of Research 

Because of the implications for actual teaching tasks of classroom 
teachers, thero is great interest in theS^ fectiveness of methods of 
"Teaching Kith Computers." fie have therefore focused on that category in 
this review, conducted in August and September 1980, of research on the 
effectiveness of computer assisted instruction (CAI) aa compared to other 

4 

forme of instruction. Ckl is generally characterized by the interaction 

of a student at a computer terminal with instructional material (a 

question, a paragraph, a number, etc.) presented by the computer system. 

The student responds by typing an answer or command and the computer 

responds with additional instructional stimuli which may be some function 

of the student 9 * previous response. For purposes of this literature 

search, CM includes drill, practice, tutorial, problem solving, and 

simulation, which are defined as follows* 

o drill— student responds quickly to brief items or questions, 
much like traditional "flash cards") 

o practice— student answers more complex questions which may 
require more extensive interaction with the computer; 

o tutorial — textual materials and questions are presented to 
the student, artf frequently uses branching based upon the 
student* s response i 

o simulation— models a portion of reality and allows the 
student to experience the interaction of complex events; 

o problem solving— student applies principles and rules to 
various situations* 

Studies included in this report a e primarily limited to elementary 

and secondary education, but basic skills applications of CAI in higher 

education are also included because of their relevance for younger 

students who have not arrived at the needed level of competency. 

• 
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This review of research will present evidence relative to the 
effectiveness of CAI on student achievement, motivation and attitude 
toward CM, retention of material, comparisons of time to learn subject 
matter, and teacher-student interaction. 

Computer-managed; instruction (CMI) and the teaching of programming or 
computer science are npt inoluded unless a CAI component is evident. CMI 
is differentiated from CAI in that the computer is used for tasks such 
ast diagnosing, assigning, routing the student through the curriculum, 
progress evaluation and related record keeping. 

Methodology 

Relevant literature dealing with effectiveness of CAI was located in 
several ways. The Educational Resources Information Center (ERIC) data 
base was searched using a variety of descriptors, and yielded many 
documents which would otherwise have been unavailtble. The Education 
Index W as used to fdentify relevant material published in the last three 
years. A search was also made of the Dissertation Abstracts 
International to locate recent doctoral dissertations which explored 
aspects of CAI. other sources such as educational journals were scanned 
and a telephone survey of key individuals with CAI experience was 
conducted. 

Even though more than 100 studies were examined, usable results of 
the review were less than anticipated. This was due .o several reasons: 
(1) some potentially valuable research projects are currently underway, 
but do not yet have any data available; (2) the literature lags behind 
research by several months* (3) studies done by commercial suppliers of 
courseware are not included in this report; (4) the largest problem. 
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however, is that many of the studies located were not usable because they 
did not apply accepted research techniques. Result^ and claims whose 
validity could not be verified by data within the study were not 
included. Many studies indicated positive results trcxt CM, but did not 
use other groups of students for comparison. These studies cannot answer 
questions about the relative efficacy of CM as compared to other types 
of instruction. Student actrievemtnt data front such studies are not 
included in this report, furthermore, the evidence of effectiveness has 
not been reported unless the likelihood of the results being due to 
chance is less, than one in twenty. 

Survey Results 

Student Achievement in General 

Several previous literature reviews (Jamison, Suppes, and Wells, 1974; 
Sdwards, Norton, Taylor, Weiss, and Van Dusseldorp, 1975; and Thomas, 
1979) examined studies on the effectiveness of CM in student 
achievement. 

Sdwards et al. (1975) reported that all studies examined showed that 
normal instruction supplemented with CM was more effective than normal 
instruction alone. When CM was substituted, in whole or in tart, for 
traditional instruction, studies were almost evenly divided as to whether 
students receiving CM achieved more or about the same, as non-GM 
studencs. When different typo of CM were compared, mixed results were 
observed between increased achievement and no difference for CM and 
non-CM students. Sdwards et al. (1975) also reported that CM was 
equally effective when compared to individual tutoring , language 
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laboratory, and various media, such as programmed instruction and 
films trips. 

Thomas reviewed over thirty studies in a variety of disciplines which 
were related to the effect of CAI on achievement* Foui studies showed 
approximately equal results for CAI and other modes of instruction; one 
study showed negative result* (a beginning typewriting course). The other 
sources reported positive results with the use of CAI in basic 
mathematics, language arts, reading, career information, biology, algebra 
and physics. Drill, practice* simulation, tutorial, and problem solving 
types of CAI were all included. 

Reading 

Jamison et al. (1974) summarized the results of several studies 
dealing with applications of CAI to the teaching of reading, where it was 
shown to be an effective supplement to regular instruction. This was 
especially true with CAI drill and practice for students who start below 
grade level. 

Two studies reported by Jamison et al. (1974) indicated that CAI 
tutorial programs in first grade beginning reading resulted in comparable 
scores for boys and girls. This is an important finding since boys, on 
the average , do not show an initial reading achievement level equivalent 
to that of girls. Litraan (1977) analysed the renults for fourth through 
sixth grade students, and reported that after on* year fourth and Fifth 
grade males receiving CAI d; ill and practice scored significantly higher 
than non-CAI males. {•Significant* in this report means statistical 
significance at the .05 level* unless otherwise stated.) Anelli (1978), 

f 
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however r Sound that disadvantaged third and fourth grade girls gained 
nore than boys. 

Results of a three-year project for supplementary CAI in selected 
Title I schools in the Los Angeles Unified School District were reported 
by Ragosta, Jamison, Juhnke, Woodson, and Holland (1980). Students were 
pre-ftsted at the beginning of fourth grade and post-tested at the end of 
the sixth grade. The CAI students received three drill and practice 
applications from Computer Curriculum fcorporation (CCC) in different 
combinations: mathematics , reading and language. A control group of 
students received no CAI. Students who used all thtee curricula scored 
significantly higher gains on the vocabulary subtest of the California 
Test of Basic Skills (CTBS) than did the control group. 

At the end of the sixth grade , the same students were also given 
tests to measure specific material covered in the fourth, fifth, and 
sixth grade curricula. Tfcqpe who worked with CAI mathematics/ but not 
CAI reading or language arts, scored significantly lower on one section 
of the reading test, giving added credence to conclusions that CAI in 
reading and language arts did have positive effects. Ragosta et al. 
report that language arts scores, more than reading scores, were Improved 
by using the reading and language arts curricula. 

A parochial junior high school CAI project, conducted over a 
three-year period in nn inner city section of New York City was reported 
by Wilkinson {1979}. Students we?e predominantly black or Hispanic 
Thote receiving CAI scored significantly higher on the reading portion of 
the SRA Achievement Test than students in a traditional program. 
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Similar results were reported by Mravetz (1980) for rural, Caucasian 
junior high students who were reading at leas* one year below actual 
grade level. CAI students scored significantly higher on reading 
achievement than did comparable students having the same teacher. 

Maser, Johnson and Davis (1977) determined that CAI drill and 
practice in basic skills was an extremely viable method for raising basic 
skills performance levels when u^ed to supplement good teaching. Two 
school districts (Highline District, Seattle, Washington and Pt. Worth 
Independent School District, Ttexas) used CCC courseware for Title I 
reading and language arts, and reported gains in excess of one month for 
each month spent in the program. Participants in the three-year project 
were Title I students in grades two through nine* Ly9iak, Wallace, and 
Evans (1976) reported that supplementary CAI generally increased 
vocabulary and reading scores in grades three through seven. 

Mathematics 

Maser et al. (1977) discovered that the objective of one month's gain 
for one month's participation for second through ninth grade students *as 
also reached when using a Hewlett-Packard mathematics CAI program. LysL'ak 
et al. (1976) reported mixed results for COC mathematics materials in 
grades three through five, but indicated that middle school CAI students 
generally achieved nore than control group students. Ragosta et al. 
(1980) reported that students who had received the CCC irathematics 
curriculum in grades four through six scored significantly higher on a 
curriculum-specific math test than did the control group. Wilkinson 
(1979) indicated that CAI students scored significantly higher on the SRA 
Achievement Test in mathematics. 
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Wells, Whelchel, and Jamison (1974) reported significant gains in 

mathematics (about one-third year higher than non-participants) for 

* 4 
disadvantaged fifth and sixth graders in a Northern California black 

community. More frequent CAJ experience lead to higher gains. Because 

participants were in their second year of CAI, the novelty of using 

computer* could not be used to explain the results. 

fourth and fifth graders in San Diego who received. CAI in mathematics 
scored higher than a control group on a district-made criterion- 
reterenoed test. Similar results were also obtained on a standardized 
norm-referenced mathematics test (Mills, 1979) • 

Romero (1980) conducted a controlled study of CAI with middle school 
mathematics students who scored below average on the Metropolitan Advanced 
Mathematics Test Series. The group which used the CAI mathematics 
laboratory gained significantly more in mathematics achievement than did 
students with only traditional instruction. 

CAI drill and practice proved superior to workbooks In helping 
increase computational ability for remedial ninth # tenth, and eleventh 
grade students in a study conducted by Modisett (1980) . Vincent (1977, 
1979) found that BMR high school students using CAI for mathematics drill 
and practice achieved more than other BMR students. 

Haberman (1977} studied the effects of CAI on emotionally and socially 
disturbed children who had been excluded from their regular classrooms. 
After two months , the CAI group had gained significantly more in grade 
equivalent than the control group. 

A tutorial approach in algebra was reported by Pachter (1979). The 
CAI group was more successful in factoring second degree polynomials than 
the control group. 
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Other Subjects 

Although the literature contains descriptions of many uses of CAI 
simulations in various social studies courses, few research results are 
reported. In one 'available study, Wilkinson (1979), found higher scores 
in social studies for junior high students who received supplementary CAI. 

Dunkum (1979) found no difference lt\ achievement when physics lectures 
were supplemented with computer simulations. However, it was discovered 
that teacher verbal dominance of the classroom decreased, student 
responsiveness and participation increased, and teacher receptiveness to 
student statements increased. 

Several attempts have been made to present career information and 
guidance with CAI systems. Central Tepcaa College (1973) combined- tutorial 
CAI and videotape for eighth grade students in a Dallas middle school who 
were two or more years below grade level in reading on the CTBS. Emphasis 
was on Spanish-surnamed students, but learning increases were evenly 
distributed among blacks, Anglos, and Mexican-Americans with black females 
showing the largest gains. 

In another study, high school sophomores who used a computer-assisted 
career guidance system scored significantly higher on all areas of 
vocational maturity as measured by the Career Development Inventory 
(Drake, 1978).- Cassie (1976) also found that a CAI guidance information 
system increased career maturity attitude. 

CAI has been used to teach the fundamentals of foreign languages. One 
study found no significant difference in achieveraent between a CAI group 
and a control group of high achool sophomores studying beginning French. 
Heaven and Robinson (1976) point out the efficiency of CAI, however, sinc<» 
the CAI students spent 30 hours less in instruction. Another study 



involved beginning Orman at '\e c liege level. * carefully controlled 
study at the Air Force Academy, Schaeffer (1979) observed that certain 
types of CM drill and practice produced results in semantic meaning which 
were superior to the control grc^p. 

the preponderance of data Indicates that CAI can be an effective means 
of supplementing regular classroom instruction. Host studies eal with 
reading, language arts, and mathematics skills, but the few reported 
studie?, in other subject fields also indicate the effectiveness of CAI 
instruction. 

>.ttitqae7Motlvation 

How wr*l students react to using computers? Will teachers object to 
working with an electronic machine? The answer?, to these and similar 
questions are important considerations when deciding r whether or r x> 
use computers in instruction. The problem i3 that attitudes tenia rd a 
class, subject, tuachar, or school have been measured in a definitive 
manner ever less frequently than has achievement. 

Thoma* (.979) found ten studies to review at the elementary and 
secondary levels, those studies indicated that CAI students have either 
thp s&me or a rare positive attitude toward the instructional situatic s 

More recent studies of attitudes toward CAI follow the same pattern. 
Ragosta et al. (1980) report that fourth, fifth, and sixth grade students 
were enthusiastic toward CAI and complained tf a CAI lesson was 
cancelled. Teachers were positive about the addition of CAI to the 
curriculum* In addition to academic achievement, the computer helped to 
provide a certain type of discipline? students were aware that good 
concentration heipdd to Reprove their scores. Students with short 



41 

40 



attention spans found the short problems and j mediate feedback to be 
valuable. 

/ How do students react \*n they discover that part of their 
instruction will include the use of computers? Beck (1979b) studied 
reactions of high school students with no previous coaputer experience who 
were told at the beginning of the course that they would be using a 
ocaputer for portions of American History, Algebra 1, and Coaputer 
Science. Coaputer Science students were significantly aore positive 
toward CM than students in American History, with Algebra I students in 
the middle. Nothing was mentioned about how these pre-attitudes 

* 

correlated with achieveaent| In the courses. 

Naser et al. (1977) reported a high level of satisfaction from 
students, parents, participating teachers, and the faculty in general 
throughout grades two through nine. 

Mravetx (1980) found no difference in self -concept between students 
who used CAI end those who did not, but results showed that CAI students 
shifted their levels of aspiration toward aore realistic learning 
choices. laproved attitudes of individual responsibility end realistic 
decisions for learning were attributed to encouragement given by the CAI 
process. 

The aost thorough study of attitudes developing froa the instructional 
use of computers was dons by Dsblassio (19. J) . Three-fourths of the 
students in advanced high school mathematics thought that the coaputer 
helped thea to learn and nearly 90 percent thought using a coaputer was a 
favorable e. science. Significant differences were found in personal 
characteristics between the students who were post favorable toward using 
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a computer and thoaa Mho vara laaat favorable. The students most 

favorable wart: 

h o favorable toward the overall instructional setting; 

o high achievers in mathematics; — 

o above average in their liking of problems involving original 
thinking; 

o above average in their amount of vigor. 

Students who disliked using the computer werei 

o unfavorable toward the overall instructional setting) 

o average in their liking of problems involving original 
thinking 

o average in their amount of vigor; 

o likely to be more cautious and anxious than students who 
liked using the computer. 

Casner (1977) explored the reactions of urban eighth graders to CM 

in mathematics. No significant differences in attitude toward 

mathematics between CAI and traditional instruction were shown by ^ 

females , but males in CM classes were* 

o less frightened by mathematics problems; 

o less ner:*ous at the prospect of having to do math problems; 

o less likely to dread mathematics class? 

o more likely to consider math aatics as fun. 
Men is, Snyder, and Ben Kahan (1980) used CAI in tenth grade algebra 
with low ac ieving students who disliked ma hematics. Mot only Mid the 
CAI students improve their mathematics grades, but became less likely 
Jtan the control group to report negative attitudes about mathematics and 
a variety of school-relate issues at the end of the year. 
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Smith and. He*- (1972) reported that CAT helped to promote the 
formation of realistic attitudes toward self -appraisal of junior high 
students 1 abilities in mathematics. Participants were predominantly 
Mexican-Americans who were initially two-to-three ye$ra below grade level 
in mathematics. 

Compared to students in ordinary classes, Romero (1980) found 
positive shifts in student interest, conduct, and behavior patterns for 
low achievers in middle school mathematics v o had CAI. 

Vincent (1977, 1979) concluded that BMR high school students who had 
CAI in mathematics and reading had a p*v- positive attitude toward those 
subjects than similar students withouv CAI. 

Beck (1979a) reported student attitudes toward CAI in a sample of 
Nebraska high schools. Predominant usage *as in computer science, 
mathemativ,*, and various sciences. Female*- were significantly higher in 
attitude toward CAI. Attitude toward CAI was found to be related to 
certain personality traits of the student. Students who wore more 
self -directed tended to be note favorable toward CAI* 

Middle school students who were Given career information by CAI and 
videotape had a positive attitude^ toward the experience (Central Texas 
College, 1973). Class attendance was highe* for the CAI group, and 
st ientr were enthusiastic toward the immediate feedback received from 
CAI. 

Taylor (1S79J surveyed students who received CAI in beginning 
German. A large aajority thought of the cowiputer as their private 
tutor. Bighty-slx percent oi the students agreed that the grasnar 
learned in class was reinf<Jroed by the CAI explanations. 
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A few studied, such as Anelli (1978), report that enthusiasm was 
extremoly high for CM, but leveled o*f after either a long or short 
experience. However, most of these studies fail to indicate any hard 
data upon which these decisions were based* On the other hand, Wells et 
al. (1974) found that elementary students in their second year of CAI 
were enthusiastic about the experience. Smith and Hess (1972) found no 
difference in the pattern of results%etween students in their second 
successive year of CAI and those experiencing it for the first tine. 
Many other studies and reports indicate that students had positive 
attitudes about CAI, but do not indicate how this conclusion was 
determined. 

r 

Time Reduction 

Claims have been made that the use of CAI will reduce the amount of 
time needed to learn a concept. Edwards et al. (1975) summarized nine 
studies which indicated that CAI students learned as much or more than 
students in traditional instruction, but that the time taken for a student 
to achieve equal results was reduced. Bight of the nine studies were at 
the elementary level* Thomas 1 survey of ten studies concluded that at 
both elemental/ and secondary levels CAI reduces the amount of time 
required for a student to complete a unit. 

Current literature contains many references to the time saving benefit 
of CAI, but only one report of research at the elementary and secondary 
levels was located which documented the time savings. McBwen and Robinson 
(1976) reported that beginning French students who received CAI spent 
about 30 fewer hours In classroom Instruction, but achieved at the sane 
level. 
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Siiaatian at Be&tiUI 

Impressive results which sttsst to th« effectiveness of CM have been 
described. These comparisons have generally been based on results 
attained at the end of a certain period of instruction. What about the 
student's retention of material over a longer period of time? 

Mwards at al. (1975) found that two of three reported studies 
'indicated that CAI students retained material less well than the non-CAI 
students. Both of the studies reported by Thomas (1979) indicated 
retention of learned materials which was about the same for CXI and 
non-CAI students. Lltman's study (1977) of remedial readera showed that 
males receiving CAI maintained their advantage over non-CAI males when 
retested after two years. 

' In other educational endeavor a, the amount of data relating effects 
of CM and relation of uUrUl is sparse. The data which do txlit are 
inconclusive concerning whether CM helps students retain acre of what is 

s 

learned than do students receiving traditional instruction. 

Teacher-Student Interaction 

Fears have been expressed that t)ie use of computers in the classroom 
would decrease the amount of teacher-student interaction. Three studies 
measured the interaction of teachers and students while CM was being used 
to supplement regular instruction. Dunkum (1979) discovered that physics 
teachers lectured less, provided less negative feedback to students, and 
were more accepting of student responses than the same teacher during a 
similar class without CM. The variety of teacher -student interaction 
increase for CM classes. Babe man (1977) found that EMR high school 
students using CM did not receive as much teacher attention as students 
receiving only traditional approaches. Student* increased their 
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# »e If -reliance, mammto (IteO) reported that CX T helped to leseen the 
teacher's duties in aiddle tohool aatheaatios which led to »ore productive 
student- teacher lnt#r motion. 

* 

•am 

Th« data Indicate that CaX which auppl«aent« traditional inatcuotion 
ie effective in increasing iteming by elementary secondary students • 
In fact* the weight of evidence is overwhelsingly in favor of CM* Wot 
only has CXI been shown to contribute to higher student achievement* but 
there Is evidence of positive student acceptance of the use of computers 
in the classroom. Although research la sparse § it also appears that CM 
can decrease the tlM required to learn subject natter. 

Unanswered questions exist relative to long-ten retention of learned 
eater it 1 and teacher -student interaction. These areas have been 
researched acre frequently at the collegiate level with generally positive 
results- but little acceptable research has been done at the elementary 
and aacondary lava Is. 

Takan aa a ahola, tha Utatatura indioaUa that CaZ it affactiva in 
haiping atudanta laarn whan uaad aa a aupplaawnt to ragular inat ruction. ( 

S 4 
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Computer fflucation Cost Considerations 

A cost analysis of the alternatives for computer education is a task 
a district can and should carry out in developing long-rc^ge plans and 
budgets. This report presents a variety of approaches to cost analysis 
and recommends one approach, A oo*w 5-aj.ysia of hardware and courseware 
requirements for one *ode of instruction is presented a£ an example. 

Approaches to Post Analvafo 

One of the important factors influencing a district's choice of 
alternative remoter inst*u**ien conf igM^acions is economics. Three 
assumptions are postulated i 

1 

1. Any major expenditure is out of the question in the near future. 

2. Expenditure cuts are likely for any activities that don't appear 
to contribute to the essential needs of a district* s students. 

3. Methods for controlling expenditures in the long tent are 
desirable. 

*It is therefore essential that any discussion of potential options in 
the area of computer instruction include an analysis of the costs of each 
option. This report discusses three alternative methodologies for 
completing a cost analysis, *nd describes in detail a set of procedures 
to be used in conducting « wet feasibility analysis. 
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A number of approaches are available for conducting a cost analysis. 
These include cst-benef it, cost effectiveness, cost utility and cost 
feasibility. While the first three approaches are potentially more 
powerful tools than the cost feasibility analysis, each of the three is 
more difficult to conduct, and subject to wider variations due to 
subjective decisions which oust be made, consequently each will be 
rwiew&d briefly, and a wore detailed description of a "resource 
approach" to oost feasibility analysis will be described in more detail. 

Cost-Benefit Analysis attempts to compare the costs of a given 
project with the expected benefits of that project. In general, both 
costs and benefits are expressed in monetary terms, generally discounted 
to a present value. Bach alternative project can then be ranked based on 
the benefits it will provide. To conduct a cost-benefit analysis it is 
necessary to determine the lifetime costs and benefits associated with a 
particular project. In the field of education, it is relatively easy to 
calculate the costs of a project since they are largely costs associated 
with equipment, personnel, supplies and materials. On the other hand, 
benefits are more difficult to measure in monetary terms. For example, 
it is difficult if not impassible to place a monetary value on an 
individual from a specific education program, either through higher 
lifetime earnings, or through greater appreciation of life in general- 
It is also difficult to measure the monetary benefits to society from a 
child's participation in a particular educational program. 

Because of the difficulties in assigning monetary figures to the 
benefits of an educational program, cost-benefit analysis is rather 
limited in its applications to educational situations. 



Cost Effectiveness Analysis tries to compare the Relative 
effectiveness of alternative programs or projects. An example in the 
field of education would be two alternative programs which were shown to 
lea*3 to achievement ir^r eases above that of a control group. For 
example , Program A has costs of $100 per pupil and leads to an average 
aqhievement gain of one grade level, and Program B has costs of $25 per 
students with average achievement increases of half a grade level. A 
comparison of the two alternatives would show that Program A leads to one 
grade level increase in achievement for each $100 spent while Program B 
leads to one grade level increase with an expenditure of $50. As a 
result, * cost effectiveness study would tell us that Program B is more 
cost* effective because an expenditure of $100 will lead to an achievement 
gain of two grade units as opposed to a one grade level achievement gain 
for the same $100 spent in Program A* 

It should be pointed out that this is an aggregate measure of all 
students in the school. In Program A, each student who participated in 
the program gained one grade unit, while in Program B, each student who 
participated gained half a grade unit. However, when all of the 
achievement gains measured as a result of equal expenditures in each 
program are totaled, Program B has better results. 

What a cost effectiveness study does not tell us is which result is 
preferable* Clearly, Program B maximizes the return on dollars spent, 
but in many instances in educational practice, this may not be the only 
sound basis for decision making. 
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Cost Util ity Analysis considers another problem inherent in cost 

« 

analyses in the field of education* That is the fact that in many 
instances there is no available data to determine the expected success 
level of a given program. Both Cost-Benefit and Cost Effectiveness 
Analysis require specific quantitative data to construct their 
evaluations. Cost Utility Analysis alloys the use of more subjective 
dkta in terms of the expected outcome of a particular program. For 
example, the probability of raising achievement by one grade level 
equivalent is used in calculating the expected utility. In addition, 
assumptions about the relative utility of various gains in achievement in 
different academic areas can also be factored into the decUion making 
process to determine which project is better for the needs of the 
education agency. 

Unfortunatel}, it ie exactly this subjective nature of the data used 
that limits the usability of Cost Utility Analysis* Consequently, the 
results o£ such an analysis cannot be reproduced on the basis of standard 
methodology, since most of the assessments are highly subjective and will 
vary from evaluator to evaluator. 

The aajor problem with each of these three approaches is that they 
require data which in aany oa.es is not readily available at the present 
ti»e. As the suonary of the research indicates, there is significant 
evidence that the use of oo.put.rs in instruction does add to improved 
educational outooaas. Bowav.r, th. r.M.rch also points out the 
difficulty of Measuring that increased, attainment, asking cost-benefit 
and cost .ffectiveness analysis difficult at the present tis*. 
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Finally, the immediate problem facing a district is what types of 
cc * iter instruction it wants to offer* and how to finance those 
alternatives. For this purpose a cost feasibility analysis is the most 
appropriate. Such an analysis will provide a district with enough 
information about the expected costs of each potential portion to allow 
it to make a decision regarding the kinds of services it wishes to 
provide for students within existing budget constraints. 

The Resource Approach to Post Feasibility Analysis 

One of the most useful and simple approaches to cost feasibility 
analysis can be found in the fflBf publication The Resource Approach to the 
Analysis of Rducatlonal Project Cost (U.S. Government Printing Office, 
Washington, D.C., 1978, SW G17-C80-01914-1) . 

The Resource Approach details a series of steps that a school 
district should take to develop cost estimates for the development and 
implementation of new educational programs. There ar* two levels of 
analysis. The first, called Project Comparable Costs (PCC) establishes a 
framework whereby a variety of alternative projects or programs are 
compared u* * a set of standard prices for copper able resources. The 
second lew if analysis calls for the development of a District Specific 
Cost (DSC) for the alternatives that appear to be the most practical 
based on the PCC analysis conducted earlier. 

Table 1 suamarl ,8 the whole process from start to finish. As the 
table ahowr.f the first step is to describe the project in enough detail 
to detercire what the finel product will look like. At the same time an 
estimate of total costs? or yfcat the district is able to spend on the 
project* should be made. 
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The second step in the process is to determine all of the resource 
requirements of the proposed project* These should be divided into tv ^ 
categories, acquisition or one-time costs, nd operational costs* It is 
important to differentiate between these categories since two apparently 
similarly priced projects aay have significantly different long-term 
costs if one of the projects has relatively high acquisition costs and 
relatively low operations costs compared to the other project- 
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The third step is to cost out each of the resources necessary for 

each project alternative. Among the kinds of information needed to 

describe the project adequately are the following: 

1* Students 

a • Character istics 

b. Number To Be Served 

2. Instructional Data 

a. Class Size 

b. Class Tim* 

*. Facilities 
a. Space 

b • Students/Clasuroom/Day 

c. Utilization 

d. Furnishing 

4. Equipment 

a. Project Related 

b. Student Related 

5. Pre -Service Training 

6. In-Service Training 

7. Support From Other Activities 

Once the general description of the resources necessary has been 
developed, the ect Comparable Cost for each alternative can be 
developed .» This is done through estimating a standard cost for each 
resource unit. For example, a standard amount is established for each 
teacher's salary and each aide's salary. Similar standard amounts can be 
established for each of the other resources identified in the process 
above* P determined, a Project Comparable Cost for each option under 
consideration can be determined. 

This procedure will allw a district to rank each project by cost, 
allowing it to make an informed decision regarding which of the 
alternatives can be considered for implementation and which cannot, due 
to the financial limitations of the district. 
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It mist be pointed out that the PCC will not provide a final estimate 
of what the project will cost* but will give a district a way to compare 
the oosts of alternative proposals under equal assumptions. This is 
particularly true tfhen the projects being reviewed have been established 
on differing scales. If one is in use in a school disfict with 400 
students and the other in a district with 40,000 students, then 
adjustments must be made for the differences in scale. By determining 
the resources necessary for implementing each project, and estimating ti\e 
oosts of each with standard price units, a district can determine the 
relative costs of implementation. 

The fourth step in the process is to calculate the District Epeciiic 
Cost for those projects which appear to be the most feasible based on the 
PCC analysis. To do this requires the determination of the specific 
resource requirements for implementation of each project in the District 
itself. Therefore resource needs mu$t be determined and oosted out using 
actual district cost factors* 

The following specific items must be considered in the analysis of 
the costs of installing a computer Instruction program in a district: 

A. Acquisition Costs 

1. Hardware 

2. Software 

3. Curriculum Development and/or Selection 

4. Teacher Training 

5. Evaluation Design 

6. Facilities 

a. Purchase of Space 

b. Remodeling of Space 

c. Installation of Equipment 
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B# Operational Costs 

1* Maintenance and Replacement of Hardware 
Updating and Replacement of Software 

3. Updating or Revision of Curriculum 

4. Periodic Inservice Sessions 

5. Evaluation Services 

6. utility Charges 

a. Phones 

b. Power 

c. Computer Time Charges 

7. Transportation Costs 

8. Salaries 

a. Teachers 

b. Aides 

c. Specialists 

d. Other 

9. Management Support Services 

10. Material and Supplies 

11. Contracted Services 

12. Media Services 

this cost analysis has been completed for the one or two options 
t appeared most feasible through the Project Comparable Coat, 

logy* a final decision may be made as to which, if any, of the 

projects should be implemented by a district. A district at that point 

< j 

should have a good description of what that implementation will entail, 
as well as a good estimate of the costs involved, 

Cost Analysis; An Example 

Providing computer-based drill and practice in math, reading and 
language arts is one of the alternatives available to a District, and has 
a high priority for schools where deficiencies exist in these areas. 
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As an exaaple r this alternative will be analysed to determine costs for 
hardware and courseware. 

Cost per fitudent-hour (of keyboard :e) can be determined and compared 

t 

for several hardware options, A comparison will be made between three 
possible hardware configurations: 

System A Stand-alone microcomputers (e.g., Apple II) 

System B A microcomputer* "cluster" (e.g., TRS-8G Network I 

* with 1« keyboards) 

System C A minicomputer -based timesharing system (e.g., 

* Computer Curriculum Corporation) 



SYSTIM At STAND-ALOHB MICRQCOMPUTBRS 

Optimum corif iguration — operation cost per student-hour 
obtainable with a minimum of one student station 

Purchase of equipment (on. Apple IL.Plue with 48k aemory, 

two disk driv.s) . 3000.00 

Maintenance contract (1 year estimate) 600.00 

TOTAL 3600.00 



o Bach additional year of operation 
(Maintenance estieate) 

o Cost for 5 years of operation 

o Cost par year (5 year utilisation) 

o Cost per student station/year 

o Cost per student hour (1000 hours/year) 



600.00 
6000.00 
1200.00 
1200.00 
1.20 
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SYSTEM Bt MICROCOMPUTER CLOSTBR 



o 


Optimal oonf iguration— -16 student stations 




o 


Purchase of equipment (16 16K Level XI TRS-8Qs, 

1 Radio Shack Network Z Controller, 1 TBS-80 disk system 

with 161 expansion interface and 2 disk drives) 


16,379.00 


o 


Maintenance Contract (1 year) 


2,457.00 




TOttAL 


18,836.00 


o 


Bach additional year of operation (maintenance estimate) 


2,457.00 


o 


Cost for 5 years of operations 


28,664.00 


o 


Cost per year {5 year utilisation) 


5,733.00 


o 


* 

Cos*' Per student staticn/vear 


J jO (vv 


o 


Cost per student-hour 

SYSTEM Cf MINICOMPUTBR-BASED TIMESHARING SYSTEM 


.36 


0 


Optima configuration— 96 student stations 




o 


Purchase of equipment (GCC timesharing system and 
96 stu£ it stations) 


332,600.00 


o 


One year maintenance contract and courseware charge 


71,352.00 


o 


Installation 


15,200.00 




TOTAL 


419,152.00 


o 


Bach additional year of operation 
(maintenance and courseware charge) 


71,352.00 


o 


Cost for 5 years of operation 


704 ( 560.00 


o 


Cost per year (S year utilisation) 


140,912.00 



o Cost pet student hour 

(doe* not include telephone charges) 1.47 
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These cost* are not directly comparable , since System C includes 
courseware (aath, reading and language arts) costs, while the others do 
not. Grades one through six Math courseware for System A* for example/ 
sells for $1,000. Kindergarten through eight Math courseware for System 
B is available for $199. Reading and language arts courseware are not 
yet available for either system. Availability, quality and effectiveness 
of courseware are of paramount concern. 

Requesting bids for a system to provide basic skills drill and 
practice could result in lower costs than those quoted here* 

If we Include the cost Of math courseware in Systems A and B, the 
comparable costs ares 



Cote 
ot D+i ivtria* 
5Uth brill 
jod fraczicm 
(tUrdwwrt/ coar mnn 
only) 


3-yr. eote 
htrdvmr* 
tloM 


cote iuci. 

mttfr 

cownmrt 


l-yr . cose 
tot «*ch 


cote p«r 
tt*tioa/yr. 


cote p«r 
fcudtnt 

hour 


cott * 100 9 cud an tt 
3 i5/»in.Aty ooch 


3ft c «i A; 
Microcomputer! 
U.f. Apflt II) 


56,000 


$7,000 


51,400 


$1,400 


$1.40 
mmth only 


$35/<Uy 


Syttt* »x 

i Clmoto* 

| U.s- TtS-80) 


$28,664 


$28,863 


$5,773 


$361 


$0.36 
Mth only 


$9/doy " 


i ' 

Syttt* C: 

(•.*. CCC) 


HA 

1 


MA 


MA 

1 

i 


HA 


$1.47 
All bAtic 
skill* 


$36*75/<Uy 
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If we assume that reading and language arts courseware will soon 
available for Systems A and B at costs comparable to the math courseware - 
then costs would be: 



Coat 
at Dalivariac 
Math, Raaaint 
mi La&f . Arta 

1toi.ll & Pra\0tici 

( Har 4mr a/ cour wv*n 
o*Xy) 


t . co 9 C 
hardwara 
alone 


5 — yc • costs 
inci. All 


ail basic 
•kills 


cote par 
•tatioo/yr. 


coac par 
student 
hour 


coat - 100 students 
if 13 su./asy 
each for each 
of 3 basic skills 


Sy stoat A: 

' icrocOKpuctrs 
(••8. Asola IX) 


$6,000 


$9,000 


$1,800 


$1 ,800 


$1.80 


$135/day 


Systaa 8: 

Cluster 
(a.«. TES-30) 


$28,664 


$29,2*4 


$5,853 


$366 


$0.37 


$27.75/day 


Syr test C:^ 
(*•«*. CCC) 




$704,360 


$140,912 


$1 ,468 


$1.47 


$110,25/day 



The assumption that each student requires 15 minutes per day of 
oompcter-based drill and practice for each basic skill area would not 
hold for other modes of computer education. Simulation- for example- is 
a mode of instruction »which can be used effectively with groups of 
students up to a full class. An hour of interaction involving a class of 

itudents with a simulation* then, would <e the equivalent of 30 

lent-hours provided by a single keyboard. 

In computer science classes* on the other hand- it could be necessary 
to provide at least one student station for every two students- because 
of the continuing need for hands-on access to the computer. 

The hardware/cour3eware costs for computer education will vary, then- 
by mode of instruction, h single keyboard can sefcve up to 25 students a 
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day for drill and practice, 12 students a day for computer science 
classes (2 p*r class period) or as many as 180 students a day in 
simulation node with six classes of 30 students each. 



f 
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Teacher Competencies for Instructional Computer Use 



X literature review of teacher competencies needed for classroom 



microcomputer implementation revealed that there was no consensus among 
•experts* regarding minimum competencies required by teachers to 
implement computer technology in the classroom. Some individuals felt a 
3-credit orientation course was a basic requirement for every teacher, 
while others believed teaobers should have several courses in computer 



information for a district interested in developing a staff development 
program/teacher training program* 

A Literature Review on Teacher Competencies 

Most of the published > materia Is are in the form of journal articles 
rather than books. Books tend, at this point, to provide good / 
information on computers and their uses but little information Jbn 



t microcomputers. Several articles deal with computer literacy as a 
phenomenon capable of having more impact on our society than any other 
educational development experienced to date. The microcomputer, because 
of its relative low cost and availability, is becoming highly feasible 
for classroom utilization. "Computer power will become available to 
students and 4 taachers alike. Computer literacy will be as common as 
read .ng ability is today and those who ace not computer literate will be 
at as ranch .of a disadvantage in society as someone who cannot read is 
today," (Masur, August 1980} f 

The literature tends to be a bit repetitive in that all of the 
authors see a need for teachers to become computer literate. They 
differ, however, in the degree of instruction needed for teachers to 



science. The following review is presented to provide background 
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implement microcomputers successfully into the instructional process. 
Milner expresses the concern that educational opportunities are being 
missed because most teachers do not know how to use computer* nor can 
they teach their students about computer impact on society (Milner, 
April 1980) • This same concern is voiced by Bass, who feels that 
teachers do not truly realise the potential of the microcomputer as a 
teaching resource or teacher's aide (Bass, Brown and No Id, 
September 1975). Miller **kes the statement that computer literacy is 
becoming a new educational catch word. She feels that the educational 
system is not moving rapidly enough to teach skills necessary to keep 
pace with the technology (Miller, April 1980). This concern is expressed 
by other authors who agree computer literacy will be left to the dubious 
methods of industry-if dfeators do not assume sone^ responsibility for 
developing courseware and preservice or inservice education for teachers. 

Two surveys were reviewed which addressed educators' attitudes toward 
computers in the classroom* The Lichtman survey (which was a small, 
restricted sample consisting of sooner teachers at the College of 
Education, University of South Carolina) addresses general attitudes of 
educators toward the computer (Lichtman, January 1979) . The Stevens 
survey in Nebraska deals with classroom perceptions of the computer* Her 
f indings indicate that Nebraska educators are indeed favorable to 
developmnnt of computer literacy but that they as individuals do not feel 
qualified to teach computer literacy (Stevens, Spring 1980). 
Consequently there is apparently much support for instilling computer 
literacy in students but little consensus regarding what teachers mist 
know in order to accomplish the task. 
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Henderson approaches training from the certification point of 
view— 4II teachers and administrators shouid complete a minimum of two 
courses in computer science in order to fulfill general certification 
requirements. Included in the courses would be a general orientation to 
computers and , their systems as well as computer impact on schools and 
society, Ha then breaks educators into four groups: elementary 
teachers/ secondary teachers, administrators/ and computer science 

¥ 

specialists with appropriate coursework suggestions listed for each level 
(Henderson, August 1978) . Apparently these recommendations are his own 
opinion because no bibliography was provided. 

Stuart Milner believes that many educators know very little about 
potential applications of computer technology in the classroom. Low 
priority status, lack of available coursework/ and lack of incentive for 
implementation ^e some of the reasons illustrating the need for 
increase* administrative support and recognition. Milner also includes a 
brief discussion of attitudinal surveys conducted with teachers and 
administrators which he felt was inconclusive « There are six suggested 
coursework areas which Milner feels are essential for teachers: 

1. An introduction to instructional design 

2. Design of computer based materials 

3. Programming — 2 courses 

4. Hardware and software organization 

5. Use of computers in society 

6. Use of computers in education 

Milner feels his outline can be used to identify needs and establish 
course requirements for teacher education. However, an attempt to 
include all of these courses in a tight preservice or inservice~educatic*i 



curriculum nay ctualty deter a district from cicrocomputer 
implementation. 

The NECC Proceedings for 1979 contained several articles dealing with 

teacher competencies. Taylor and others define these competencies in 

three ways: those needed by all teachers, those needed by the teacher of 

computing as a subject, and those needed by teachers who wish to use 

computing to support their subject matter. Competencies Eluded in tM 

first category are as follows: 

o be able to vri s ? programs and subprograms that work 
correctly and are easily readable by others, and be 
familiar with how such programs and subprograms fit 
jether into systems; 

o know what general types of prob^ras are amenable to 
computer solution and the various tools necessary for 
solving such problems, particularly in using oomputlrs in 
education; 

o know what general types of problems are not currently 

amenable to computer solution and why not, particularly in 
using computers in education; 

o be able to duscuss at the level of an intelligent layperson 
the history of computing, particularly as it relates to 
education; 

o be able to identify and generally rate several alternate 
sources of best current information on computing as Lt 
relates to education; 

o be able to discuss moral or human-impact issues of 

computing as they relate to: (a) societal use of computers 
generally, and (b) educational use particularly* 

Further elaboration on course content is then provided for all three 

categories. 

hi so included in the NECC Proceedings is an article by J. Richard 
Dennis. Although he does not deal specifically with competencies he does 
divide computer -using teachers into three stages of personal growth, each 
deserving of unique training considerations. These states are: 
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rareness, implementing, and growth maintenance. Dennis also 

distinguishes between characteristic preservice and inservicfe training 

f 

and proposes node Is for each. 

The last item which deals with teacher competencies was prepared 
under Dennis 1 direction and inten<**d as a resource guide for preservice 
and inservicd teacher education. In this report are included the 
following 25 skills necessary for computer -using teachers. 



1. Familiarity with computerized teaching materials (i.e., 
instructional programs) in a var'jty of fields. 

2. Ability to integrate computerized' teaching materials into a 
course. 

3. General knowledge of the function of CMI (computer-managed 
instruction) systems. 

4. Understanding of effective design of drill and practice 
materiel*. 

5. Ability *o apply oompurerized drill and practice in a variety of 
teaching situations. 

6. Familiarity with computer-based simulations and models. 

7. Experience in preliminary drjign and construction of a 
simulation. * 

8. Knowledge of the ases of simulations as teaching tool3. 

( 9. Ability to evaluate the effectiveness of a course *hat uses 
computerized teaching materials. 

10. Ability to determine ^-e computer needs of a school. 

11. Ability to draft specifications (request for proposals) which 
set down the needs and desires of the school and invite 
proposals or bids from potential suppliers. 

12. Ability to be highly critical of suppliers" proposals and their 
machines. 

13. Ability to assemble data about proposed equipment to facilitate 
decision-making (oosts, performance data, hardware 
characteristics, software support, etc). 
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14. Familiarity with instructional games. 

15. Knowledge of how to use instructional games appropriately and 
effectively in teaching. 

16. Physical familiarity with computer equipment, i.e., everyday 
operation and use of, a range of different machines. 

17. Knowledge of trouble shooting procedures and means of access to 
professional help# i.e.* knowing how to determine if a piece of 
equipment is ailing, if it is, knowing whom to call to fix it. 

18. Knowledge of sources for computer mater H^e. 

19. Knowledge of how to improve less thr.n adequate instructional 
computer program*? 5 ^ 

20. Ability to evaluate the effectiveness of instructional computer 
programs. 

21. Ability to instruct others in the social role and impact of 
computers in society* 

22. Knowledge <*E alternative uses of computers in schools, i.e., as 
class record-keepers, term paper editors, etc. 

23. Awareness of the value of Involving students in the development 
of computerized instructional materials. 

24. Knowledge of processes of involving students in instructional 
materials development. 

25. Knowledge of computer programming. 
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Summary 

m 

It is important to emphasize that at this particular time there is no 
consensus regarding competencies needed by teachers for successful 
classroom computer implementation. Virtually no distinction has been made 
for the microcomputer or its accompanying software. The literature does 
suggest several key areas \n which teachers should receive training, 

although how much training is required (i.e., programming) is a matter of 

jt 

some disagreement. Since each school is unique, perhaps there can never 
be any one program that is right for everyone t 

Minimum oompetc.tcies for all (or most} teachers must be defined by the 
district, with additional competencies specified for teachers of computer 
science or programming. 
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The Statu* of instructional Computing 



The Cggerclal Sector 

This report will identify and describe the various categories of 
commercial providers of instructional computing products and services as 
possible resources for a district Interested in purchasing 
microcomputers. It will also describe the changing roles various types 
of companies are taking in this new and growing market. 

The Traditional jales of Manufacturers and Publishers 

Traditionally in the education Market, hardware companies, designers 
and Manufacturers of computers also develop software , including 
application progress and languages* The small-to-medium size timesharing 
computers have bean the mainstay of instructional computing hardware in 
the 1970s. 

Software development and distribution proceeded mainly in two ways. 
First, computer manufacture*, organised and supported user groups. Dates 
of a given company's hardware would contribute programs to the user 
group. The collection would then be com the "contributed library," 
available to all users when they acquired a computer. In some cases, 
such programs were enhanced by the manufacturer and became products of 
the company, with full support. In other cases, they were left to be 
used on an as-is basis at the user's risk. 

The second method of development was the investment by a hardware 
manufacturer in a development staff for . educational applications, or in 
contracts with people to develop applications. In most cases, the 
inv«. lent was short-term, l#stir a few years. 




Companies which produced only software for instructional use did rot 
exist until the late 70's. Publishers were not involved in producing 
software, but did publish programing texts. 

Current Changes in Holes 

The advent of inexpensive, portable microcomputers with capabilities 
for enhancing the utility of computer applications has begun to change the 
roles described above. 

In the hardware area, many new companies are being formed* The 
implications are that many new alternatives are available to schools in 
the selection of hardware, and that many of the new and attractive 
alternatives are produced by companies who do not have a track record in 
production, delivery aw? support* 

h second trend is that hardware companies are not investing in 
appV cation software development as much, but are emphasising the 
development of software tools for application development, such as 
operating systems which are easier to use and author languages to support 
and simplify the process of instructional development. 

Thirdly, while manufacturers of medium and large scale computers still 
maintain field engineering staffs who will perform on^ltCe maintenance, 
the microcomputer manufacturers may perform maintenance on a carry-in or 
mail-in basis* That is, the user brings the machine to a repair station, 
or mails it In* 

Finally, sales representatives are usually employed by the 
manufacturer in tt* case of pedium and large scale sy items, whereas in the 
microcomputer field, Independent computer scores, department stores and 
mail order houses market mmy of tht brands* Several microcomputer 
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companies have, however; set up special national offices to respond to 
laige scale acquisitions by RFP from school districts or consortia. 

In the area of software and courseware, there are two major recent 
trends of importance* First, the major textbook publishing companies are 



trend is that courseware development is in the hands of those who have 
experience in the preparation of instructional materials rather than 
computer people. Also, the computer-related materials will be coordinated 
with and supportive of text* and other products for classroom use, which 
means less teacher effort for implementation. 

Another implication is that publisher's representatives are in regular 
touch with schools, and have a more natural avenue of contact than the 
computer industry. As a result of that and other considerations, 
publishers Nmd microcomputer manufacturers are in several cases making 
agreements which result in courseware being developed by a publisher for a 
specific computer, and the computer being sold to schools by the textbook 
salesperson. A possible disadvWage to the schools is that non-hardware 
oriented people will be trying *o sell hardware. An advantage to schools 



is that the focus will be on the application rather than the hardware. 
The second major trend in software and courseware development is the 



develop and market instructional software and courseware. They develop 
materials sometimes under contract to a publisher and sometimes to be 
marketed themselves. This trend offers the same advantages and 
disadvantages as the advent of new microcomputer manufacturers previously 
mentioned. That is, the variety offers more alternatives, but the 
question of track record qf quality and support is unanswered. 






proliferation of new small companies which are specifically constituted to 




A major problem which has existed for many years in the computer 
industry, and which still exists In the microcomputer era, is the lack of 
hardware and software compatibility between hardware brands, and even 
between different lines of hardware from the same manufacturer. The 
problem is exhibited in several ways* 

A given application may run only on the computer for which it was 

written. Two different brands of computer have differing versions of the 

» 

BASIC language, so programs may take advantage of special characteristics 
of one brand that do not exist on the other, or the mater *1 may be stored 
in a pattern on the magnetic disk for one machine which is unreadable by 
the other. Conversion of a program from one machine to another is 
possible, but is time consuming, expensive, and may be, in some cases, 
prohibited by copyright or agreement with the publisher. It is 
furthermore unreasonable to expect the situation to change very much very 
soon, since product differences are part of the marketing strategy in a 
competitive system. Of course, standardizing all acquisitions on one 
brand is a way around the problem. However, in doing so a district will 
forego the use of desirable courseware written for other brands. In some 
cases* material is being written for more than one machine by the 
developer, but the number of such cases is limited. The SKA publishing 

if 

company is one e~"*ple, producing their material for two different brands. 

Activities in Other Large C'tv Districts and Metropolitan Consort ia 

In addition to commercial sources, another potentially beneficial 
resource to a district is other large school districts and consortia 
around the country. Because of their experiences they are potential 
sources of information, courseware, and development assistance. 

4 
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Philadelphia School District 

The Instructional Systems Division, Philadelphia School District has 
been involved in providing computer time and inservice instruction to the 
teachers in the District, and developing courseware. Development is in 
the areas of career guidance, basic skills and instructional management. 
Services are provided through Hewlett-Packard 200C and 3000 timesharing 
computers. They have taken a very general approach to instructional 
applications, supporting a library of programs in all the various modes of 
computer use* Current activities Involve developing microcomputer 
programs for elementary school computer literacy instruction. 



Minneapolis Public Schools 

Pbr about 10 years the Minneapolis Public Schools have operated a 
32-line timesharing system with a general .ibrary of applications. System 
uses cross all grade levels and application areas. The schools also 
access the statewide timesharing system operated by the Minnesota 
Educational Computing Consortium. Minneapolis, with grant funds from the 
State of Minnesota, has developed software for a mathematics worksheet 
generation system for several grade levels which provides an efficient use 
of computer time. 

St. Paul, Minnesota School District 

The St. Paul, Minnesota, school system has been a partner with 
Minneapolis in their development activities. Coordination of 
instructional computing In both District* is lodged at the Mathematics 
Supervisor's office. Both Districts participate in the computer 
activities of the Twin Cities Institute for Talented Youth. The St. Paul 
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District has also experimented with a\e PLaTO system on a limited basis. 
They have made extensive use of mark-sense card readers as tools for 
making programing instruction efficient. 

Chicago School District 

Chicago iise3^di:ill and practice in basic skills extensively. 
Approximately 1,400 timesharing terminals for student use are located in 
70 schools. The current mainframe is a UNIVAC 1110, but will likely be 
replaced soon with a UNIVAC 1160. The average response time to a 
student's input is two seconds; system specifications call for a maximum 
of three seconds* Quick turnaround time is thought to be essential for 
students with short attention spans; they w,Ul not remain motivated if 
^bhere is a long wait. Students use CRTs# but a printer is available in 
each school. 'Teachers get a daily printout c student progress. 

Ijos Angeles School District 

Los Angeles has computers in 12 schools, both elementary and 
secondary, with approximately 30 terminals per school. This arrangement 
avoids phone line charges and gives more capability than microcomputers* 
Computers include seven Hewlett-Packard 2000 series timesharing computers 
and 5 machines furnished by Computer Curriculum Corporation (CCC) . Some 
schools have microcomputers for administrative purposes, but the 
impression is that they are not satisfactory. A test item bank is 
available, as is a test scoring service with overnight turnaround. 
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Dallas School District 

The Dallas, Texas, School District has long been involved in the 
development of instructional systems using technology. They have 
developed elementary mathematics basic skills material for microcomputer 
presentation. They have also developed k bilingual jfeading system, 
recently converted from a larger computer to a microcomputer, employing a 
voice synthesizer. Both sets of courseware are available for purchase 
from -the District. 

Kern County Schools 

The Kern County Schools (Bakersf ield, California) have three high 
schools usiftg OCC computers and courseware for Title I students. This 
District has discovered that teacher training in use of the courseware is. 
vital for optimum results. 

Highline District 

The Highline District in suburban Seattle uses CCC computers and 
courseware along with remedial instruction for Title I students in grades 
7-12. in grades 2-6, CCC materials are used for drill and practice for 
students below the 35th percentile. These students receive no other 
remedial instruction. 

Med ford and Gorvallis Districts 

Both Medford and Cc allis School Districts in Oregon are involved in 
the use of microcomputers inatructlonally . Cocvallis has placed machines 
in every secondary school and uses them for programming instruction and 
computer literacy activities, Medford' s use is focused on Title I 
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students. They have developed basic skills materials for timesharing use, 
and are now involved in conversion of that material and others to 
microcomputers . 

Consortia 

Many consortia, county units and BSD-type organizations now provide 
instructional computing support. Prominent among these are TIBS 
(Minnesota) , Jefferson County (Colorado) , Wayne • Oakland and MaComb IS Da 
(Michigan), Region 10 (Dallas, f tas) , and Region 4 (Houston, Texas)* 
These services are somewhat like the services provided by Multnomah BSD, 
although Minnesota, Michigan and Texas are very active in software and 
courseware development and in the support of microcomputer acquisition and 
use. 

Summary 

There are many resources, both commercial and non-commercial, from 
which a district can draw assistance* The expectation for increased 
availability of courseware in tune with District needs is good. Much of 
that courseware will be developed specifically for microcomputers, and 
will be correlated with standard text series. A district will be able to 
benefit from contacts with many other large urban districts whoso 
experience in specific applications of computers is more extensive* 
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' Recommendations for District Personnel 
Interested In Implementing Microcomputers in Ed ucation 



Curriculum 

1. A district should develop goals, objectives, and content 
outlines for the subject areas of computer literacy and conputer 
programing . 

With regard to computer literacy, activities should be specified 
at elementary, middle and high school levels. High school 
activities can be planned as an elective course" or as units in 
mathematics, science' and social science classes, with specific 
plans to phase them out or change their nature as students begin 
to come from elementary and middle school experiences already 
possessing the desired oonfcepts. The objectives should be 
viewed ultimately 4s requisites, with the elective nature of 
such instruction phased, out as soon as possible, if implemented 
at all. This recommendation c*n nest be implemented in stages 
by clusters of elementary and middle schools with each high 
school so the progression of student experiences implied above 
can be achieved. ' 

With regard to computer programming, two one-year courses should 
be developed. The flrat course should be available at both 
middle schools and high schools, and the second course at high 
schools. Any programming experiences at the elementary levels 
should be considered as part of the computer literacy 
experience. Objectives in these courses should La correlated 
with the mathematics curriculum, If, for exajple, it is desired 
to assume that students in certain math courses will use 
computers to complete assignments, then eith^. the first 
semester of the first programming course should be a 
prerequisite to the math, or some portion of the programming 
objectives should be embedded in the math course. 

2. A district shdfild consider supporting basic skills instruction 
in mathematics, reading, and language arts at elementary, middle 
and high school levels with computer-based drill and practice 
and tutorial materials* 

Because of t^he need for thorough teacher training for proper use 
of such systems, a phased approach f implementing one new subject 
area at a time is advisable. A district should also determine 
in advance In which schools the students are most deficient in 
those skill areas. 

3* A district should explore the use of a computer to support the 
diagnostic and prescript lve activities of infraction for 
special education students. 
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4. A district should develop a sequence of implementation for 
computer support of subjects and levels not addressed in the 
previous recommendations, and should schedule a periodic review 
of resources and directions of instructional computing. 

Such a review Is necessary because of the rapid changes now 
being experienced in hardware and courseware development which 
can easily cause changes at the detail level. Overall 
curricular priorities can be expected to be rare stable and 
should always guide technology Implementation decisions. 



Hardware 

5. A district should develop specifications for, and acquirer one 
type eZ microcomputer for general purpose computing at all 
levels. The number of units and schedule of acquisition should 
be commensurate with the rate of implementation of the 
curricular Recommendations* but all acquisitions under one 
specification should occur within a two-year maximum time span. 

A district should consider establishing in at least one school a 
microcomputer laboratory of IS to 30 units of the kind selected 
as a result of this specification, to support Distr lct-wicu* 
inserviofr instruction as well as programming classes in selected 
school (s). 



Soft^ye anc' Courseware 

6. A district should conduct a comparative analysis of the aicro- 
and alniooaqxiter-baaed basic skills courseware available. 

7. A district shuuld acquire microcomputer -based courseware for usw 
in a wide range of subjects and levels on the microcomputer type 
selected under Reoqmmendation 5, 

A district should seek opportunities with major publishers or 
other developers of computer-based materials for serving as a 
flel4 test sifce for courseware , for purposes of evaluation for 
potential use and keeping abreast of developments. 



Ffrso^l 

9. A district should appoint * Computer Iducation Coordinator xn 
every ouilding wt*ec* a tijrmirul or computer is plaoed to plan* 
coordinate and stjpttvime the use of tH© equipment in 
oorresponf^noe with tto curricular plfns in *e ommendaticms 
1-4. Time should In provided in the ootadule of sccfc persons 
for ineerviot and carrying out the alignment. 
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The amount of released time should depend on school size and 
amount of hardware* Familiarization of other staff members with 
relevant uses of the computet should be a prime concern of thia 
person « 

10. A district should appoint ■> District Computer. Education 
Coordinator with full-tira responsibility for planning and, 
implementing the instructional computing activities recommended 
in th?3 report, 

11. h district should assign staff time to develop the objectives, 
specifications and other a tivities implied by the curriculat, 
hardware and courseware recommendations. 

12. h district should plan and implement an inservioe program to 
support the curriouiar recommendations, with specific programs 
initially for curriculum cor tit ants, building administrators, 
computer education coord ins ors, teachers of computer literacy 
and computer programing, teachers using basic skills systems 
and teachers needing an overview of the uses of computers in 
instruction* 
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ACQUISITION OP COMPUTER FACILITIES 
by 

Jerry Larer and David Hoursund 
The Commuting Teacher , 8(1) , 1981 

tyany people with limited knowledge about computers are being placed 
in a position of helping to acquire an instruct ionally -oriented computer 
facility. This article is intended primarily for such people. It gives 
a broad general overview of the acquisition process in terms 
understandable to a person with limited Knowledge about computers. If 
you no longer fall into this category you may still find that the article 
provides a useful suigoary and overview of the acquisition process* 

A computer system consists of both hatch/are (physical machinery) and 
software (computer programs). One may purchase, lease, or lease-purchase 
both the hardware and the mof tyare component* of a computer system. The 
individual > ardwtte and software components may be acquired from a single 
vendor or from a number of vendors. At one time the major cost of a 
computer system was for the hardware. How there are many situations in 
businesi and industry where the software for a computer system costs 
several times as t as th* hardware. Thus software may be the dominant 
factor in a computer acquisition. However, the main focus in this 
articl* is u hardware acquisition. 



Published by Th e Computing Teacher , 1981, University of Oregon, ^ugene, 
Oregon. Reprinted by permission. 
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Justification 

The computer acquisition process begins with the identification of one 
or several problems which My require a computer for their solution. It 
■ay be obvious that a comparer is needed. For example, a state or school 
Oistrict sight Mandate that all students ire to become computer literate, 
ari thut computer literacy instruction snail include a cer Un number of 
hours of hands-on computer experience . Or, a business, math, or science 
text that has been adopts for a school pay include a substantial unit 
requii^ig use of computers. 

Tyticalxy, how aver, it is not so easy to justify computer 
acquisition. More comonly the problems that have been identified can be 
attacked by more than one means. For example, a school system may have 
test data indicating that students are **aak in basic skills. There are 
computer programs that can be used to work on this type of problem. But 
there are other approaches, such as textbook selection, teacher training, 
increased time allocated to baric skills, etc. Why is it that computers 
should be used to attack this problem? 

As another example, consider a social studies te />er who wants his/her 
cudents to experience the situation of coping with a complicated social 
studies problem. The teacher is aware of computer simulations and that 
Cudents enjoy working with computer simulations of social studies problem 
areas. But clearly ther* are alternatives, such as reading appropriate 
books, carrying on claua discussions, viewing a movie, or making use of a 
non-computerised simulation. Why is it that computers are needed? 

*tany people have given careful thought on general reasons why 

computers are needed in our schools. K brief summary of some of the 

» 



ACQUISITION OP COMPUTER FACILITIES 
by 

Jerry Larer and David Hours und 
The Computing Teacher , 8(1) , 1981 

Many people with limited knowledge' a^out computers are being placed 
in a position of helping to acquire an instructionally-oriented computer 
facility. This article is intended primarily for such people* It gives 

€ 

a broad general overview of the acquisition process in terms 
understandable to a person with limited Knowledge about computers. If 
you no longer fall into this category you may still find that the article 
provides a useful summary and overview of the acquisition process* 

A computer system consists of both hardware (physical machinery) and 
software (compute: programs). One may purchase , leaser or lease-purchase 
both the hardware and the software components of a computer system. The 
individual hardware and software components may be acquired from a single 
vendor or from a number of vendors. At one time the major cost of a 
computer system was for the hardware. Now there are many situations in 
business and industry where the software fow a oomputer system costs 
several times as much as the hardware* Thus software may be the dominant 
factor in a oomputer acquisition. However/ the main focus in this 
article is uoon hardware aoquitftion. 



Published by The Computing Teacher , 1981, University of Oregon, Eugene, 
Oregon • Reprinted by petition. 
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Justif i cation 

The computer acquisition process begins with the identitication of one 
or several problems which nay require a computer for their solution. It 
may be obvious toat a computer is needed. For example, a state or school 
district might mandate that all student? are to become compute literate, 
and that computer literacy instruction shall include a certain number of 
hours of hands-on computer experience. Or, a business, math, or science 
text that has been adopted for a^ school jay include a substantial unit 
requiring use ofc computers. 

Typically, however, it is not so easy to justify computer 
acquisition. More commonly the problems that have been identified can be 
attacked by more than one means. For example, a school system may have 
test data indicating that students are weak in basic skills. There are 
computer programs that can be used to work on this type of problem. But 
there are other approaches, such as textbook selectior , teacher training, 
increased time allocated to basic skills, etc. Why is it that computers 
should be used to attack this problem? 

As another example, consider a social studies techer who wants his/her 
students to experience the situation of coping with a complicated social 
studies problem. The teacher is aware of computer simulations and that 
students enjoy working with computer simulations of social studies problem 
areas* But clearly th^e are alternatives, such as reading appropriate 
books, carrying un class discussions, viewing a movie, or making use of a 
non-computerised t emulation. Why is it that computers are needed? 

Many people have given careful thougtt on general reasons why 
computers are needed in our schools, h brief summary of some of the 



general arguments is given in the Arguments section of this ES 3 report. 
Studying these genaral justifications can help one to understand why 
computers are important in education. But it is still necessary to study 
one's own educational setting and to carefully justify any proposed 
computer acquisition. 

Heeds Assessment 

A needs ass jsment is a careful study of the proposed use of 
computers to determine die nature and extent of the facility that will be 
needed. Suppose, fur example, that it has been decided to offer a 
computer science course in a high school, and that enrollment is to be 
limited to 20 students. The course is to include substantial use of 
library programs as well as instruction in a particular programming 
language. The library programs that stuu^nts are to run will be written 
by the teacher tn the summer before the class begins. Students in the 
class will need two hours of computer access per student per week. About 
one-third of this access must oome during the time the class meets. The 
class meets on hour per day, five days per week. 

Analysis of the above situation points to the need for a computer 
system with an adequate secondary storage mechanism. There will need to 
be a minimum of three keyboards of access (three terminals to a 
timeshared system or three microcomput . for example). The facility 
will need to be accessible to students both during the computer science 
class *nd at other hours throughout the day. 

Notice that there are many different computer syutems that can meet 
these needs. Uiis is a desirable situation, since it allows one to shop 
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around for a reliable vendor who offers good service and equipment at a 
reasonable price. 

The nature and extent of a needs assessment will vary with the 
complexity and size of the problem. Suppose that a school wants to 
acquire a very modest computer facility so that two teachers can begin to 
teach themselves a little about computers . The school has at most a 
thousand dollars to spend* It would not make sense to spend several 
thousand dollars of time in a needs assessment for this acquisition. 

But consider the alternative of a large school district planning to 
acquire several million dollars of computer facility. Now the needs % 
assessment will take many thousands of hours of people 1 s time. The final 

r * ' 

<*ocumentz, detailing the nature of the needed computer facility, may be f > 
several hundred pages long. 



A very important part of needs assessment is long term planning. 
One's computet facility needs will change with time; likely they will grc^t 
in size and complexity. The needs assessment must address this issue. 
One may want a facility that can be added to via increased primary or 
secondary memory, new languages, more or different terminals, etc. 



The results of a needs assessment can be written into a "request toU y 

proposal" (RTF). An RFP is sent to vendors interested in supplying 
I 

computer facilities* It is a basis for detailed proposals offering to^^ 
supply specified faciliies at certain prices. It is important that an i(PP 
be written so that more than one vendor can meet the needs it details* J 
This lead* to competition, both in price and in the nature and quality of 
services offered. It is quite educational to study the proposals that 
various vendors will submit. The proposals may lead to a reconsideration 
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of the needs, and possibly to a rewriting of the needs assessment. 
Remember that one is under no obligation to accapt any of the proposals 
that are received* 



General Financ i al Planning 

Financial planning usually goes on concurrently with the justification 
and needs assessment steps* One must have some idea of how much money is 
available and how much various types of facilities cose in order to carry 
out an appropriate needs aesesiment. If one has only a few thousand 
dollars available it makes little sense to send out an RFP that can only 
be met by £ million dollar computer system. 

A common error in financial planning is to think only of the initial 
direct cost of the computer facility to be acquired. Here are somo more 
thigs to think about. 

1. The needs assessment, general planning, writing of 
specifications, dealing with vendors, evaluation of bids, 
supervision of installation, and so on take considerable 
time and expertise* Who will do this, and at what cost? 

2. The acquired facility will need to be housed, what will 
site preparation cost? 

3. Computers use supplies, such as paper, tapes, disks, and so 
on. Who will make sure that these are available as needed, 
and who will pay for them? 

4. Computers need to be maintained and repaired. Who will 
check out the machine if something goes wrong, what 
provisions will exist for maintenance and repair, and who 
pays for this? h standard estimate is that for large 
computers a maintenance contract costs about. 75% of the 
total z^f,t of the equipment per month. This amounts to 
$7,500 per month on a million dollar computer system. For 
1ms expensive computer systems, such as microcomputers, 
perhaps 2% per month is a reasonable estimate of potential 
maintenance and repair costs beyond the* first year. 
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5. Large conputer systems require operators and usually require a 
programing staff. Such staff can easily cost as much as the 
rental of the computer system they are operating. 

6. Teachers may need to be trained, curricula may need to be 
revised, courseware may need to be developed. 

7. Software may need to be revised, developed, or acquired. The 
software will ne^d to be maintained and distribute. Over the 
long run this can easily cost more than the original cost of the 
computer facility. Who will do these things, and who will pay 
for it? 

The list could be expanded, but it is already long enough to make the 
point. One should make an estimate of the useful life of the equipment 
to be acquired and of all expenses associated with this life. The aaount 
of "up front" money needed way be quite modest compared to tne overall 
expense. Can one justify the overall expense? 

The Acquisition Process 

Renting or purchasing computer equipment through a school district is 
generally subject to a considerable amount of red tape. Approval may need 
to be gained at the school building level, the school district 4 levei» ktti 
at some higher level such as an educational service district or state 
level. The procedures tc be followed in preparing specifications and 
going out for bids often have to meet rules laid dovm by variol|j^. 
regulatory agencies. 

We can offer two general types of advice here, f iret, enlist the aid 
of appropriate administrative personnel in completing the paperwork and 
procedures required by the various levels of school Jiatricts. Second, 
handle the overall request for bids in a relatively formal and 
professional manner. The larger uhe acquisition the more care needs to be 
spent on both points. 
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There can be a considerable financial gain to preparing careful 
specifications and going out for bids from a number of vendc^3. This is 
true even if you have decided that there is only one brand of equipment 
that will meet your needs. If there is wore tnan one vendor of this brand 
of equipment there can be competition. If there is competition for the 
contract there is likely to be price cutting. Of course if you are 
purchasing a single $600 microcomputer you can't expect much concession 
from a dealer. But if you are purchasing $25 , 000 worth of microcomputers 
you may well be able to get a 10% to 20% discount. If you are acquiring a 
million dollar computer system and a particular vendor is very eager to 
get your business you may well get a larger discount. 

Knowled ge About Computers Versus Size of Acquisition 

Por convenience in the remainder of this presentation we divide 
people into three categories, based upon their knowledge and experience 
in the computer field. 

1. People with a modest or very low level of knowledge about 
computers. 

2. People with a medium amount of knowledge about computers. 

3. People with considerable knowledge about computers. 

It is not important to give precise definitions to these three 
categories. However, a person who has had formal coursework and/or 
experience equivalent to only one or two computer courses or less is 
probably in the first category. Professionals, with knowledge and 
experience equivalent to a master's degree in computer science or more, 
are in the third category* You can decide for yourself which category 
best describes you. 



It is also convenient and instructive to divide computer acquisitions 

into three sizes. 

A. A snail acquisition, such as a few microcomputers or a 
corresponding amount of timeshared computer facility. 

B* A medium acquisition, perhaps for ?* single large school or for a 
small small school district, this could well range from $5,000 
up to $100,000 in magnitude. 

C. A larsi acquisition, perhaps to meet the needs of a large school 
district or a statewide educational organization. The amount of 
money involved could range into the millions of dollars. 

2 

The exact dividing lines between categories are not important. 

Taken together the two sets of classifications form a three by three 
matrix. 

Size of Acquisition 
Small Medium Large 



Low 1A IB .10. 

Knowledge & Medium 2A 2B 2c 

Experience High . 3A 3B . 3C . 



Suppose, for example, that you are in cell 1C of the matrix. You know 
relative ^ little about computers but you are considering a large 
acquisition. You should see the obvious ... that this is not a good 
situation. At the other end of the scale consider a 3A *erson. Such a 
high knowledgeable person does not need the aid of this short article to 
make a small acquisition. The main advice offered in the remainder of 
this article wi?l focus upon the categories 1A, 2B and 3c 
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Advice to Level One People 

Level One people have l'ttle or no knowledge about computers. It is 
doubtful if a Level One person can do an adequate justification and needs 
assessment for the IB or 1C situation. Thus if you are in the IB or 1C 
situation you should probably do three things. First, start studying the 
computer field. Second, hire a professional consultant. Third, involve 
other educators from your school district in the overall task. 

In hiring a consultant use common sense. Find one who is 
experienced, who doesn't have a particular ax to grind, and who can 
produce good references. (A particular consultant may have a 
predisposition towards acquiring a particular vendor's equipment or have 
other biases of this sort.) Remember that you are intending to spend a 
good deal of mo. in a field a ut which you know next to nothing. You 
will be highly depenv it upon the consultant. You should be prepared to 
spend a significant amount of time in selecting a consultant, and a 
significant amount of money in hiring the consultant. Also, you will 
need to continue to learn more about the field, and to carefully study 
the consultant's work. 

Suppose that you are in the 1A category. You don't have much money 
to spend, you have limited knowledge, and (hopefnlly) you have limited 
goals. There are two general categories of equipment available 'o you. 
You might tie into an existing timeshared educational computer network. 
Or, you might aquire one or more microcomputers. A very good thing to do 
is to find several people who have similar goals and who have already 
acted to start reaching the goals. If timeshared computing facilities 
are a viable alternative then you should be aole to find several 



educators who ate using the system. Talk to them, and seek their 
advice. Are they satisfied with the service, and is it solving their 
problem? 

If microcomputers appear to be the answer, find some teachers using 
microcomputers in a st &ing Bonewhat similar to the one you envision. If * 
at ail possible try to view several different brands of machines in use. 

Overall what you are doing is trying to makp use oi: a free consulting 
service* Bach person you visit and talk to is a consultant. Be aware 
that they are likely to be biased (it could be towards or against their 
current equipment) and likely do not have a broad general overview of the 
range of potential solutions to your problem. However, likely they are 
interested in helping you solve your problem and may well contribute 
substantial time to helping you. They may be able to provide you *rith 
inexpensive or free access to software that you will need* 

In this search for "free* consultants you may well want to talk to 
vendors* But be sure to talk to some nonvendors. Also, be aware that a 
vendor is particularly interested in solving your problem with the type 
of equipment that he/she sells or rents. 

In summary- you are making a rather limited acquisition. Thus you 
will likely put a rather limited amount of effort into it. Whatever your 
decision, acquire only something that already exist* and which y can 
both see In action and try at before hand. Do not be the pioneer. As a 
rank amateur you should be following in cJiers' footsteps. 
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Advice to Level Two Peop le 

Level Two people have a Aediura amount of computer knowledge and 
experience. If the problem you face is of type 2A then you have adequate 
knowledga to solve it. Indeed, the 1A people will be coming to you, and 
will think of you as an expert. Still, you krfbw that yo4 are not 4 an 
expert. Thus you will want to do a careful needs assessment and a 
careful study of the range of potential equipment. This can be a 
valuable learning experience, and it can be fun: 

We need to say a little more about what distinguishes a Level A from 
a Level B or Level C acquisition. > At the B ^|^ C levels one needs very 
careful long term planning. The maintenance and repair budgets will be 
substantial. Quite a bit of equipment needs to be housed. There will oe 
many users, so there is need for quite a variety of software. The 
computer will be used* in many courses, so many teachers need to be 
trained and much curriculum revision is necessary. A classroom teacher, 
no matter how knowledgeable, is not a position to cope with these 
problems. Central administration must be involved. 

At the 2B level a schocl or school district should consider release 
time for a reacher who is to be the computer expert The types of 
activities listed above can easily be a half tin* or full timr. job, 
^depending upon the amount of equipment that is to be available, the 
number of teachers to be trained, the amount of curriculum work to be 
done, and so on. If a school or district is not willing to make this 
sort of staffing commitment It is not clear that they should acquire the 
computer equipment. 
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The 2C situation again calls for outside help. As a very rough rule 
cf thumb when one is considering a medium scale computer acquisition one 
should think of spending perhaps 101-20% of the cost of the proposed 
equipment in the overall acquisition process. That is, for a $30,000 
acquisition you might put in $3,000 to $6,000 of people's time doing the 
needs assessment and studying the range of equipment that might be 
acquired. For a large scale acquisition one might spend 51-10% of the 
cost of the equipment in the study. Thus acquisition of a million dollar 
computer system might be backed up by $50,000 or more of people 1 s 
efforts* A needs assessment and study on this scale requires several 

* V 

people and quite a long time spe It is too large a burden to pl^ce on 
single individual — especially one with only a medium level of computer 
knowledge and experience. , 

Wheh following the above general guidelines you should be aware that 
substantial 1 amounts of people* a time can be available at no direct added 
cost. The proposed users of a computer system can do quite a bit of the 
needs assessment as part of their regular job, and/or as part of their 
discretionary workload. But the overall coor<£pation of the task can be 
quite time consuming and is not readily done by a person who is carrying 
full time workload as a teacher or administrator of other projects. 

finally, be aware, that the percentage guidelines a-e very rough and 
may not apply to your situatioft. Suppose your school district intends to 
acquire 500 identical microcomputers*^ Tfre r effort going into this project 
will not be too much larger than that needed to acquire 50 identical 
microcomputers. 
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Aflvigg to Level Three People 

v The Level Three person is likely a ^omputer professional, working 
full time in the computer field* This person has no trouble with the 3A 
acquisition, and can easily head up a 3B acquisition given the necessary 
time. We *ill restrict our attention to the 3C situation. 

Over the long run it appears that education will be best served by a 
distributed computing system. This will be a combination of a centrally 
located timeshared computing system and distributed microcomputers &\&/oc 
minicomputers that can serve as Intelligent terminals and also as stand 
alone systems. Many instructional tasks can be accomplished on a 
microcomputer, and the capabilities of these machines will continue to 
grow rapidly over the next five to ten years. However, many 
instructional tasks require access to very large data bases, very large 
primary memories, very fast CPUs, etc. The communication aspects of 
timesrfared computer systems :xe critical to some applications. 

The design and development of an appropriate educationally oriented 
distributed computing system is a difficult task* Although soma progress 
has occurred in higher education computing networks and in the Minnesota 
Educational Computing consortium network, this type of progress tells us 
relatively little about what a public school system should be doing. 
Thus a person in the 3C situation is faced with a substantial research 
and long term planning project. Outside consulting h^lp, support of a 
strong staff, and plenty of time to devote to the project are all highly 
desirable. 

A school district that commits itself to having a substantial amount 
of computing equipment should also commit itself to providing a 
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substantial anount of money for continuing "peopl* -orient <?" support of 
the system. Ev^ery year new teachers will need to be trained and teachers 
who have previously been trained will need to refresh or upgrade their 
skills. There will ba a continuing need to develop or acquire rev 
software , revise and improve curriculum, and so on. 

Many school districts currently make extensive administrative use of 
computers, and the amount of instructional use of computers is growing 
rapidly. Currently a school system making extensive administrative and 
instructional use of computers nay be spending 2% of its budget in this 
area, with approximately equal expenditure in the two categories* If 
teahing about computers and teaching using <~ ters continues to increase 
in importance then one can expect that this 2% percentage figure will 
prove tr be quite inadequate. A school system needs to give careftT 
thought before u ^fts itself to the long term continuing expenditure 
of such aaounts of money. 

Conclus ion 

t 

The acquisition of instructional computer facilities can be a 
difficult and time consuming task. It is best done by people wifrh quite a 
bit of knowledge about computers who have had experience in computer 
acquisition. But there are relatively few such people working in the 
precollege educational environment* Thus most schools and school systems 
that intend to acquire computers do not have staff with the needed level 
of expertise. 

This article offers som# suggestions* Above all, use common sense I A 
computer system, once acquired, will be with you for many years. You will 
invest much money in teacher training, software development or 
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acquisition, and curriculum development. Mu6h of this cost will be 
specific to the particular type of equipment you acquire. That is, much 
of youl expenditure may be wasted if you suddenly decide to get rid of the 
equtaent you have and acquire a substantially different type of gear. 
Thus equipment acquisition shoild De based upon a very careful needs 
assessment and planning that looks well into the future. 

References 
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MANAGEMENT APPLICATIONS OF 
THE MICROCOMPUTER: PROMISES AND PITFALLS 

by • 
John B. Haugo 

Association of Educational Data Syj&fli 14(4), Summer 1981 

* 

r 

Xs Abstract 

The rapid advances in microcomputer^ have made many educational - 
applications feasible which formerly were performed on large-scale 
systems. Initial applications have been primarily instructional in 
nature. This paper will deal with potential management applications of 
the microcomputer, applications which relate to financial, personnel, and 
student information systems. Primary emphasis will be on the relative * 
advantages and disadvantages compared to large computer systems and 
manual record-keaping processes. Alternatives for the development and 
support of microcomputer-based management systems will be discussed. 
(Keywordss administrative computing, microcomputers.) 

The availability of a variety of microcomputers over the past several 
years has created a great deal of excitement among educators in the 
United States. The new computers have offered an opportunity to learn 
new aspects of computing at a low cost. As the microcomputer has begun 

Editor's Hotet This article is based upon a paper presented by the 
author at the annual meeting of the Association for Educational Data 
Systems held in Minneapolis, Minnesota, in May, 1981. Dr. Haugo received 
the ABOS Best Paper Award in the Administrative Category for his 
presentation. 
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to be u4ed by persons who work closely with users of more traditional 
educational computing systems , these persons also began to develop 
programs to show selected capabilities of the new devices. The use^of 
microcomputers in school districts has led to Art increased awareness 
among many school district administrators of the processing capabilities 
of computers. Interest has" been expressed in Using microcomputers to 
handle some administrative activities, particularly in small districts 
and in individual schools in large-districts* 

As educational administrators have gained some familiarity with 
microcomputers, opinions as to the potential value of computers for 
management tasks have become mare prevalent, and more extreme. Claims 
have been made at both ends of the continuum. Some say that 
microcomputers are capable of handling all of the management computing 
needs of small districts and schools, while others say that they are 
appropriate only for instructional computing Deeds. However, most 
educators who have an awareness of the microcomputers aee potential for 
their usage as management tools and are asking for more iformation about 
applications that might be feasible.. 

In the private sector, the use of microcomputers for administrative 
purposes has increased significantly during the past year. Microcomputer 
company sales^and projections show that small business use of 
microcomputers is going to be an increasingly large portion of the 
market. Tandy, Apple*, and Commodore have all recently enhanced their 
microcomputer configurations to accommodate small business data 
processing applications. During the* past sev«r«l years, literally 
hundreds of versions of microcomputer-based applications such as general 
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ledger, accounts/receivable, accounts/pay able f and inventory have been 
developed for the small business user. 

During the past year, the Minnesota Educational Computing Consortium 
(MECC) has explored several approaches in the Use of the microcomputer as 
a management tool. Initially they developed the interface between a 
large host computer and an Apple II microcomputer . The Apple II is used 
as a remote data collection device which edits # stores, and transmits the 
data to the host computer. This approach reduces the Head on the host 
and on the telecommunications network. MECC also has worked witfl several 
school districts on the development of stand-alone management 
applications* 

A recent directory of Apple software (Vandiver & Love, 1981) includes 
a section on the school administration applications. Among the 22 
available Applications for the Apple II are attendance, class scheduling, 
school bus routing, fixed asset inventories, and central activity 
accounting. Prices vary from less than $20 to more than $400 per 
application. # * 

A number of publishing companies have announced microcomputer -based 
school management applications. The most common application is a course 
on instructional management systems which relates to specific textbook 
series. Recently, Scott, Foresman and Coirpany announced a comprehensive 
set of school management: applications (Scott, Foresman and Company, 
1981) • The applications which are developed to operate on the Texas 
Instrument 99/4 microcomputer relate t variety of student, personnel, 
and financial functions. Thej 15 ap£l lotions are grouped or packaged to 
be utilized at the district, school, or classroom level. 
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PeastMLitv of Microcomputer-Bas ed 
Management Applications 

During 1979, there were two efforts to determine the feasibility 
and/or interest in schooi management applicatipns of the microcomputer . 
Education Turnkey Systems, Inc. (1979) of Washington, D.C., through its 
Microcomputer Education Application Network (MEAN) surveyed educational 
administrators at several national conventions* They determined that 
there is a high level of interest in educational and administrative 
.applications of the microcomputer. The preliminary findings of -their 
survey showed that there wad significant interest in a number of 
applications, including: monitoring of individualized special education 
programs, test scoring and analysis programs, Title I report generator, 
computerized curriculum guides, student scheduling, attendance, 
equipment/materials inventories, and grade reporting. 

The second study of feasibility and interest in administrative users 
of the microcomputer was conducted by the Minnesota Educational Computing 
Consortium (MECC, 1979). Because of the widespread availability of Apple 
II 'a in school districts in Minnesota, there was interest in using them 
for management purposes. > 

The MECC stvdy team used a variety of data gathering techniques 
"Including site visits at school districts who were using the microcomputer 
for school management purposes, usage data gathered by regional MECC 
coordinators, interviews with school superintendents, visits with small 
business microcomputer users and computer vendors, and a thorough analysis 
of existing time-sharing or microcompi s t administrative software. 
General findings regarding/ the technical feasibility were: 

1'J j < 
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Processor speed . Compared to large computers/ microcomputers are slow 
and can handle relatively small amounts of data. However, for most of the 
potential applications explored in the study, speed was not critical. 
Also, tor many applications (such as payroll) the number of records needed 
is in the range of 100-200. For most potential applications, processor 
speed seems to be adequate. J 

Memory , it is estimated that for most of the potential applications, 
32K of random access memory internal to the computer is adequat^. the 
memory can be expanded to 48K with the purchase of 16k of memory for a 
relatively small price.* The actional memory decreases processing time 
for some applications, such as those requiring extensive sorting. 

Input * Several input modes are possible for the microcomputer. A 
user may utilize the keyboard, punched cards, mark sense cards, cassette 
tape, diskette^ or a downloading connection from another computer system. 

'Disk storage . Multiple disk drives can be connected to wtfit 
microcomputers* Each disk drive allows storage of up to 116,000 
characters that can 'e retrieved through random access. Up to 1200 
records of 80 column length can be stored oruone diskette. « 

Output . As with input, several output modes are possible with 
microcomputers. A user may utilize a hard copy printer, a television 
screen,* a video monitor, a disk drive, or a cassette tape* Output speeds 
varying from 30 characters per second (cps) t# 120 cps are possible. 

» Reliability . The reliability of microcomputers is at this point an 
unknown. While we have no indication of major problems which can cause 
the frequent loss of data, occasional problems can be expected to occur* 
Back-up equipment and procedures can considerably reduce the risk of data 
loss. At this time, microcomputers have not been around long anough to 
adequately assess reliability. v 
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Potential applications 

In determining a list of possible microcomputer -based school 
management applications, it is necessary (a) to examine those which 
currently are available; (b) to identify applications used in the business 
sector which have applicability for education/ and (c) to discuss 
potential applications with persons who have expertise in both school 
management and computer technology* 

As a result of this approach and based on the aforementioned technical 
feasibility considerations # the following is * list of potential 
* applications by area. 



Student! 

1. Athletic Eligibility List 

2. Attendance (annual) 

3. Attendance (daily) 

4. Class Records . 

5. Census (family)' 

6. Enrollment Projection 

7. Graduate Follow-Up 

8. Guidance Records 

9. Health Records 

10. Instructional Management 

11. Mai:k Reporting 

12. Scheduling Assistance 

13. School Calendar 

14. Student Records 

15. Test Scoring and Analysis 

Personnel: 

1. Paycheck Calculation 

2. Payroll Reporting 

3. Personnel Record 

4. Salary Simulation 

5. Staff Assignments 



Pacilitiest 

1. Energy Management 

2. Facilities/Equipment Inventory 

3. Facilities Utilization 

4. Maintenance 



Finances 

1. Accounts Receivable/Payable 

2. Activity Accounting 

3. Financial Forecasting 

4. Fopd Service 

5. General Accounting 
6; general J»edge 

Investment Accounting 
8. Vendor Reports/ 
Purchase Orders 

General t 

1. Activity Scheduling 

2. Ad Hoc Reporting 

3. Bus Routing 

4. Information Storage ' 
and Retrieval « 

5. Library Circulation 

6. Media Reservations 

7. Mailing Lists/Labels 

8. Project Planning and 
Budgeting 

9. Statistical Analysis 

10. Snow Removal Schedule 

11. Word Processing 
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Comparative Cons idler at tons 

In the use and allocation j£l any educational resource , it is 
necessary to make some tradeoff decisions concerning alternatives. In 
the case of the usa of compu' ed raanacjaratnt applications, some of 

the consider a ti6ns favor the use or manual administrative systems, other 
favor large systems, and still other factors favor microcomputer 
applications . 

The following is a list of some of the advantages of 
microcomputer -based management applications! 

E quipment cost * A microcomputer with 48K» dual dis . drives, card 
reader, and a printer can be purchased for leas than $5,000. 

Base of implementation , A school district can get started with a 
microcomputer with very little investment of time, effort, or money. 

Ease of operation . Microcomputers are relatively easy to operate; as 
such, highly trained technicians are not required* 

Flexibility * The school^ser pan achieve the capability of 
down-loading or extracting portions of a district's data base from a 




large computer to a m^Kocomputer . 

Multi-purpose usey ^Wfc^ame microcomputer can be used for 
administrative and instructional applications. By having multiple units 
within a district, there would be backup in the event of equipment 
problems. 

Software coat * The cost of purchasing confrere ially developed 
programs for microcomputers is much less than programs for larger 
computers* Programs for microcomputers can bt sold in mucn large volume 
than can programs for larget computers, and th«y are typically less 
complex. 
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Uggr control Tha local school district can own the equipment and 
therefore completely control its use and operation. 

The disadvantages of using the microcomputer for school management 
applications are: 

Available software . Most current administrative programs have been 
developed for large computers* There are very few administrative programs 
with documentation currently available for microcomputers. 

Difficulty of application development - It is relatively easy to 
develop fairly simple programs for microcomputers; however , more complex 
programs# in particular those that make extensive use of files and require 
extensive data manipulation and updating, are difficult to develop on a 
microcomputer. 

External reporting . As compared to larger computers, meeting external 
reporting requirement* is more difficult with stand-along microcomputers 
because of the limited data-base storage. 

Integrated applications . Due *-o the limited sis* -ol^ core and mass 
storage, It is not feasible to develop integrated data-base^systems by 
using microcomputers. 

Limited usability . Some management applioations require largo 
computers to run (computer scheduling of students, large sorts, large 
volumes of data storage) and are not amenable to small computers. 

Operational responsibility . District staff are responsible for 
hardware operation and maintenance; for securing or supplying hardware; 
and for software selection and maintenance. 

Reliability * Reliability of data storage on diskettes commonly used 
with microcomputers is still problematic, 
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Development and Stipport 

Traditionally , the development of computer applications and support 
services to end users have been provided by computer services staff who 
are part of the same organisation. They typically have been staff at the 
local school district level for those school districts large enough to 
operate their own main-frame computer and its staff. Recently, some 
states and/or regions have developed software for use on a large 
computer. The operations and user staff have been affiliated with another 
level* For example, in Minnesota administrative software has been 
developed at the state level by MECC; however-* the operation of the 
service centers and the end user support have been provided at the 
regional level. As microcomputers become more capable, it is obvious that 
the actual operation will be at the local school level* The question 
remains as to who will develop and support the software. 

In terms of system development, it is likely that software will be 
developed by a number of entities* Local school personnel will design and 
program some of their own applications software. However, this can prove 
to be quite costly, since the time required to design, program, and test 
comprehensive systems (e.g.* financial accounting) for microcomputers If 
the same as for large computers. Regional and state systems development 
teams will also be involved with the design and development of 
microcomputer -b^sed management applications. Software firms, computer 
vendors, and ^publishers of electronic materials are also likely to get « 
into the act. Because this type of software Will be a high volume, low 
unit cost product, it will typically take a relatively large distribution 
base to market it profitably* As these software products are "packaged," 
they necessarily must be generalized in order that a wide variety of users 
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will be able to utilize the*. Users, therefore, will have to forfeit some 
of their flexibility, with the economies of the situation, it may be a 
matter of obtaining 90% of the features of an optimal system versus not 
having access to computerized management systems. 

* 

In the future, users of microcomputer -based management applications 
will likely receive support service* in the form of training, trouble 
shooting, and other user services from a variety of sources* In addition 
to local district services staff, there will be regional, and perhaps even 
state, support staff. Those new participants in the software development 
business— the vendors and publishers— will provide training workshops and 
seminars, hot line services and thorough user manuals. However, end users 
will have to be more self-reliant than they have been in the past. 

Even with need for more knowledgeable, self-sufficient users, because 
of the service advantages and the economies of scale, we are likely to see 
widespread use of microcomputer -based applications for school management 
purposes in the not too distant future. As a result educational 
dec is ion-maker 8 will be able to cut OQsts and increase management 
productivity. 
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A DESIGN FOR TBI KVALUATIOH OF 
MANAaBHKNT INFORMATION BY8THMS 

by 

Dennis W. Stuck and If ill 1m C» Bozeman 
AL£a Jburnal , 14(1) , Fall 1980 

Becaudb of the role oomputers have taken ift business, industry, and 

our daily lives, tachnology associate with information management and 

decision making has received considaiabla attention during the past 

decade. Although the concepts a>*d principles of information management 

are not new, the advent of low-cost, high-speed data processing 

facilities now provide managers with resource* which were not feasible a 

vaars ago* The basis for the rapidly evolving field of management 

infolmation systems (MIS) cones as a result of this availability combined 

with r increasingly oomple* .management Junction*. 



Planning and Design of a m r evaluation BvstaM 

The evaluation of management information systems assumes many forms 
depending on the different purposes or functions which the evaluation 
effort addresses. These differences are influenced by (1) the various 
personnel roles Inherent in an organisation, (2) the pirceived needs for 
the MIS, (3) the different levels of personal Involvement and varying 
personality/psychological types, and (4) differing levels of technical 
expertise. 



Published by AEDS Journal (Associate m for Educational Data Systems) 
(c) 1981, Washington, D.C. Reprinted by permission. 
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The functions of a total MIS evaluation system also vary over time as 
thay span a total MIS Ufa cycla from initial planning to actual 
implementation and opt ration. 

The authors suggest usa of a generalised framework and procedures 
which can be adapted to most MIS evaluations* This framework is comprised 
of foujr important principlett * 

1. K prescriptive definition of the tern 'system.* 

2. The meaningful involvement of persons within the *• 
organisation who have an interest In thi MIS. 

3. Consideration of both objective (quantifiable) evaluation 
data aid subjective (qualitative) infOMation. 

4. h program for ongoing modification and improvement of the 
MIS. 

These four principles are addressed in the following sections. 

S ystem Definition * h system framework is used as a foundation for 
defining the various components of an MIS. The framework used must meet 
criteria of fieecriptiveness* completeness and under standability by the 
user. It must also b* capable of capturing the basic design and 
operational characteristics of the NIS as a whole. The authors suggest 
as a framework the system matrix (Nadler, 1980) shown in Figure 1 as most 
appropriate for the evaluation scheme presented. 

Figure li System Framework 
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Involvement of People . The operationalisation of this framework 
represents a means of achieving the seconder inciple — meaningful 
involvement of persons within the organization who have an interest in 
the MIS and who are concerned with the overall MIS evaluation effort* 
The authors recosnend the use of project teams composed of persons 
concerned with specific aspects of the system* The objective is to 
ensure that oou jrned persons with differing perspectives are involved in 
the system evaluation just as they would h*ve been involved in system 
design and implementation. The initial phase of the evaluation 
procedure, therefore.- involves the analysis of the system by the project 
teams using the system framework. 

Evaluation. Systems , Elements and Dimensions 

The eight elements shown in the system matrix (Figure 1) provide the 
direction for formulating an evaluation design. Of orfmary importance is 
system ' purpose ! this combined with system output points to system effects 
(that which is to be accomplished through system operation). 

In MIS, the ou tput is information, while the purpose of the system may 

be to improve decision making and ultimately improve the effectiveness 

and/or efficiency of the organisation. Emphasising MIS output focuses 

attention on the following concerns of evaluation; 

o the determination as to whether the system .can produce 
desired reports 

o the examination of whether (oc to what extent) that output 
is used 

o the investigation of the extent to which the use of that 
information affects organization decision making and 
productivity 

Both intended and unintended effects are of interest in system evaluation. 



Evaluation Framework 

Primary purposes for the evaluation of a management information system 
are to assess the extent to which the goals and objectives of the system 
are being reaiiied and to identify factors associated with successful and 
unsuccessful outcomes* Accomplishment of these purposes can and should 
lead to change and improvement of the MIS. Building upon the system 
frame* < presented in the previous section# ii is possible to identify 
the key elements associated with system success • Focus on those elements 
during system evaluation may provide information useful in refining system 
design and implementation, thereby increasing the likelihood of system 
effectiveness when implementation Is completed* 

Tb assist in the evaluation of management information systems, an 
evaluative framework lias been developed* This framework, shown, in 
Figure 2, contains three dimensions of evaluation — functional, 
utilizational, and effect. The functional dimension is concerned with 
whether or not the various subsystems of the HIS (human, hardware and 
software) are capable of operating or functioning in accordance with 
design expectations* It is assumed that design specifications reflect 
actual need and that these specif icscions *re sufficiently explicit to 
allow for assessments of system functioning. 

System utilization is concerned with (a) the analysis of those 
management processes for which the system^^s being employed and 
(b) whether or not this use is consistent with those specified in the 
systems design. System usts which are different from those specified in 
the design are not immediately interpretable as a problem, as users 
frequently find creative and productive new uses of systems* Lack of use 
always constitutes a problem, the roots of which typically reside in 
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inadequate system design or poor planning for implementation --the criteria 
used as the basis for the evaluation of system functioning. As is 
probably evident, system utilization is dependent upon system 
functioning. In a like manner, system effectiveness is dependent upon 
both functioning and utilization. Assessment of functioning and 
utilization thus provides important intermediate criteria for the 
evaluation of system effectiveness. 

System affects should directly reflect MIS pulses and goals—what 
results are being achieved as a result of MIS utilization and are the 
objectives of the system being met? For example, in public educational 
institutions goals ultimately include reference to changes in student 

o 

behavior or student achievement. While objectives pertaining to changes 
in student behavior should not be ignored in the evaluation of MIS, it 
frequently is difficult to establish a direct linkage between MIS 
implementation and changes in student variables. Other factors may have 
to be examined, such as changes in the way teachers or administrators use 
time, or judgments concerning the system's value in improving decision 
making could be assessed. 

The distinction between directly observable system effects and user 
descriptions of system effects leads to the second dimension of the 
evaluation model — the tyjpe of information available for system 
assessment. Information type is classified as actual, perceptual and 
attitudinal. Actual information i: objective § derived from data which are 
generally observable and quantifiable. 
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Figure 2* Evaluation Ttamwotk for a Management Info r mation System 



DIMENSIONS / 
/ LEVELS 


FUNCTIONAL 

Are the various subsystems 
of the MIS program, both 
human and physical, capable 
of operatingor functioning in 
accordance with design 


EFFECTS 

What results are achieved 
from the utilization of the 
system, and are the 
objectives of the system 
being met? ( 


UTILIZATION 

For what management 
processes is the system 
being emplo/ed, and is the 
use of the system consistent 
with those uses specified in 

lira irasiyn r 


ACTUAL 

Objective and/or quantif i£bie 
information from primary 
source 




• 


V 


PERCEPTUAL 

User descriptions and 
awareness of system 
operations and e'fects 








ATTITilOINAL 

User conclusions about value 
or benefit of the system 
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Perceptual information is derived from user descriptions or 
perceptions of system operations and effects. Assessment of direct system 
effects on student achievement or system efficiency thus constitutes 
actual information, while description of perceived changes In student 
behavior or usefulness of information are perceptual information. 
Generally, actual information is better for evaluating system functioning, 
utilization and effect, but comparisons between actual and perceptual 
information can be of value in identifying problems in system operation, 
and in some cases the collection of actual information may be mote 
difficult or costly than perceptual information. * 

The last category of information is attitudinal. Attitudinal 
information / comprised of user conclusions or judgments about the value 
and benefit of the system, may include personal and intuitive feelings of 
the user toward the system, including expression* of user apprehension, 
anxiety and satisfaction. 

The three dimensions of evaluation and three levels of information, 
when considered together, comprise a nine-cell matrix, as illustrated in 
Figure 2. In the next section an example of the application of this model 
to the evaluation of a particular management information, system will be 
presented. 

An Instructional Management Information System 

There has been no scarcity of literature related to the management of 
individualized education during the past few years. Educational journals 
are replete with numerous approaches to this problem. Several of the 
serious investigations into individualization have produced well-known 
products such as Individually Guided Education (IGE), Planning for 
Learning in Accordance with Needs (PLAN) , and Individually Prescribed 
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Instruction (IPI) . These programs and similar ones are utilized by 
thousands of teachers throughout the nation. 

Although several models of individualization exist, most current 
programs are based on enrichment and acceleration. In such models , there 
are series of activities and tests which are followed in a sequential 
pattern. Some diagnostic models also employ pretests to assess 
achievements before beginning instruction. Other models (e.g., IGE) 
employ grouping procedures for instruction wherein students at a given 
mastery level study topics deemed appropriate by the ^teacher. 

This perceived need by educators to individualize instruction has 
contributed to the development of systems of computer-managed instruction 
(CMI). Closely associated with these programs of individualization has 
been a significant increase in the requisite record keeping and clerical 
tasks. Student progress is typically monitored more closely than in 
traditional instructional environments/ resulting in greater demands upon 
the teacher with regard to record keeping, planning, and decision making. 
Even the inherent nature of decision making is altered, as planning 
becomes oriented to smaller groups or individuals rather than entire 
classes. 

Another factor which has contributed to the development and 
utilization of CMI systems has been the increased availability of 
computing power, the past decade has witnessed a dramatic reduction in 
computinq costs as well as widespread implementation of data processing 

centers or networks for small to medium size school districts. 

t 

To avoid possible confusion/ some distinction should be made between 
computer-assisted instruction (CMP) and CMI. One important difference 
between CAI and CMI is the degree of direct interaction that the student 
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has with the *xwnputer programs (Bozeman, 1979) Fromer , 1972; Thomas, 
1979) . Chi is typically a curricular program in which an interface exists 
between student and computet for the purpose of instruction. This 
interface is accomplished by student connunication with the computer via a 
terminal. Presentation and sequencing of materials is, to some extent, 
controlled by the computer. 

In contrast, in CMI systems direct student interaction with the 
computer is limited or many times non-existent* CMI systems may, 
therefore, be considered computer-supported management information systems 
designed to support the management processes .Of functions associated with 
programs of individualized education. Of particular importance within any 
CMI system is the support of decision making. CMI systems seek to 
facilitate the processing Of information and supplying this information so 
that it 'can be applied directly to instructional decision making (Spuck, 
Bozeman & Lawrence, 1977). Major efforts in the development of CMI 
systems have been conducted by Boeing Computer Services Company for use 
primarily in industrial and manufacturing settings, by McDonnell Douglas 
for use in Air Force training programs (Yasutake, 1974; Mayo, 1974), by 
the United States Navy for use at the Naval Air Technical Training Center 
(Johnson * May, 1974), ana by several educational research and development 
centers and school districts (see, for example, Spuck, Bozeman & Lawrence, 
1977; Roec';s, 1979; Wang fi Fitzhugh, 1977). 

An illustration of the framework applied to the evaluation of an 
instructional management information system is given in Figure 3. The 
purpose of this system is to provide information which will improve 
instructional decision making in the implementation of individualized 
instructional programs designed to maximize tha attainment of program 
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objectives, ht the sane time, teacher tiite consumed in record keeping, in 
diagnosing student learning needs and in formulating instructional 
strategies for meeting these needs should be reduced to allow more time 
for Instruction and preparation. Criteria directly related to these 
objectives are outlined under the dimension of effects. Student 
achievement data, teacher time usage, system cost, and changes in roles 
and tasks, being directly measurable, or observable, are listed in the row 
labeled "actual," while teacher descriptions of system impact on 
achievement and decision making are classified as perceptual. Judgments 
and attitudes toward perceived system effects and overall user 
satisfaction are included in* the evaluation framework in the row denoted 
as attitudinal information. 

System usage and attitudes pertaining to system use are listed in the 
column headed "utilization. " Typically, management information systems 
are constructed so as to maintain by user account number a log of accesses 
and report requests. Such information is helpful in monitoring system 
utilization. Reasons for limited requests fot certain reports and uses of 
requested reports may be investigated. A utilization indicator such as 
"system responsiveness" may be assessed directly through log data, such as 
the timo between report requests and delivery of the report, and this 
figure can be compared with external criteria for responsiveness. But 
responsiveness may also be addressed through User descriptions of whether 
or not delivery of reports was timely with respect to user needs. 
Descriptions of report usefulness and appropriateness are two additional 
perceptual indicators of utilization. The attitudinal level is 
represented by expressions of user confidence in the system and feelings 
about the usability of the system. 
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Figure 3i Evaluation Framework for CMI 



DIMENSIONS 

LEVELS 


FUNCTIONAL 

Are the various subsystems 
of the MIS program, both 
human ond physical, capable 
of operatmgor functioning in 
accordance with design 
specifications? 

■ f — 


EFPfeCTS 

What results are achieved 
from the unitization of the 
system, 4n6 are the 
objectives of the system 
being met? 


UTILIZATION 

For what management 
processes is the system f 
being employed, and is the 
use of the system consistent 
with those uses specified in 
the design? 


ACTUAL 

Objective and/or quantifiable 
information from prrmary 
source 


1. Computer software 
testing 

2. System response time 
3 Required hardware 

available 

4. Appropriate user 
interfaces (e.g., error 
messages) 

5. User knowledge of system 
operations 

6. System availability 

7. User documentation and 
training materials 


1. Number end type of 
system accesses 

2. Uses ot system reports 

3. System responsiveness 

i 


1 Student achievement 

2. Teacher time usage 

3. System cost and cost 
effectiveness 

4 Changes in roles and 
tasks 


PERCEPTUAL 

User descriptions and 
awareness of system 
operations and effects < 


7 

1. Need for MIS perceived by 
user" f 

2, Perceived level of 
administrative support 


1 Descriptions of 
usefulness of system 
reports ' 

2. Appropriateness of 
reports 

3. System responsiveness 


1. Descriptions of impact 
on achievement 

2. Perceptions of system 


ATTITUDINAL 

User conclusions about value 
or benefit of the system 


1. Initial apprhension or 

anxiety 
2 Potential utility * 
3. Personal commitment 


1. Confidence in system 
accuracy and reliability 

2. Feelings concerning 
system usability 


1. Desirability of system effects 

2. User satisfaction 
impact on decision making 
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Prior to system utilisation, asaesmnU should be made of whether the 
various components of the system are capable of functioning as specified. 
In a system of computer -managed instruction this testing includes 
questions about hardware and software requirements as well as personnel 
and training materials. Pot example: Do teleprinters located in the 
school buildings have a capacity sufficient to print the anticipated 
volume of report*? Are error messages sufficiently clear to allow for 
user correction of ay^im requests? Are users able to interpret, 
understand and use the information contained in reports generated? At the 
perceptual level, two examples are presented! perceptions of the need for 
MIS support on the part of teachers and administrative commitment to this 
application, initial attitudes wh||ch may be useful in planning for user 
training sessions or for successful system utilisation are feelings of 
anxiety, potential usefulness of the proposed system, and the level of 
personal commitment to implementing the system. 

the actual entries in th* evaluation framework, of course, are 
application-specific and require the statement of explicit evaluative 
criteria. The el > nts and dimensions of the systems matrix are helpful 
in generating evaluative criteria, and the source and nature of 
information collected determine the level at which it is classified. 
Classification after the fact is not the major function of the framework, 
but rather it it* to remind the evaluator that both types of information 
may be useful and that the interpretation of the levels of information 
differ. Actual information identifies .ctuul levels of system capability 
or operation, while perceptual information is filtered by the attitudes, 
values, and knowledge of the person providing fche perception Differences 
between actual and perceptual indicators may luggest that user 
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understanding of the system is limited, that the system in some way 
violates existing norms or values, that users are dissatisfied, or that 
system specifications are at variance with user needs. 

Conclusion 

This paper has presented a model for the evaluation of management 
information systems* Three levels of information considered were actual, 
perceptual and attitudinal, and the dimensions of evaluation discussed 
were functional, utilization and effects* The three dimensions of 
evaluation are seen as hierarchical, in that utilization is dependent 
upon functionality, and positive effect is dependent upon utilization. 
The functional dimension is concerned with whethet the various subsystems 
of the MIS are capable of operating in accordance with design 
specifications. Utilization focuses on the management processes for 
which the MIS is being used, and the effects dimension includes the 
results which are achieved through system user whether intended or 
unintended. While the evaluation framework presented is » j genoral 
than its application to MIS, the model is tailored to this application 
through an example pf instructional management information systems. 

Evaluation is an ongoing process, conducted in conjunction with 
system needs assess? *, planning, design and implementation. As an 
integral part of these procedures, it provides information which will 
support system modification to meet better the needs of the organization 
and its members. The need for system modification may result, for 
example, from changes in personnel, from internal reorganization, from 
changes in organizational goals or from variance between what is planned 
and^ what is able to bo implemented. Formative evaluation strategies 
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provide the information bast to support adaptive changes as well as 
longer term decisions concerning the value of the system, its effects, 
and whether or not it should be continued or expanded. 
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Whc»n I was informed earlier this year that the supplies and equipment df^ 
my resource room would be augmented by an Apple II Plus Microcomputer, I 
was delighted. Without any programming skills and lacking even the barest 
understanding of microcomputer terminology or capabilities, I envisioned 
my students receiving instruction and practice in all basic skills from a 
machine that was eminently patient, persevering, and as skilled as I in 
error analysis, diagnosis, and remediated. My delight turned to dismay 
when I asked for information about available programs and was given a small 
number of catalogues and magazine advertisements! Instead of the wealth of 
well-designed instructional programs, neatly organized by content area 
and with detailed descriptions o* the programs , I found an enormous quantity 
of titles, described in one or two lines in jargon that was not always 
comprehensible, none designed specifically for handicapped students, and 
only a dozen or so of which appeared even remotely related to my classroom 
needs. And of this dozen, roost were math programs, rather than the 
expected representation of all basic skills areas; I lacked sufficient 
information to evaluate their appropriateness with my students; and in 
any case, most were more expensive than my meager classroom budget: would * 
allow. 



Yet I w^s convinced that the computer still could be a useful instructional 
tool with my mildly handicapped students (whose handicaps include learning 



impairment). These students need we] 1 -sequenced instruction,* abundant 
practice of skills and concepts, and immediate » precise correction of errors 
in carder to learn* All of these, I believed, were within the capabilities of 
computer assisted instruction (herein referred to as CAI) , even if programs 
are not now readily available. More important, perhaps, was my conviction 
that the computer, like the calculator, would eventually becomfe standard 
household and office equipment* My students, t felt, need to be exposed 
now to computers and their uses so that as adults they will be able to 
employ them as tools, without iear or intimidation. 



disabilities, mild mental retardation, emotional disturbance, and orthopedia 
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It was therefor* a combination of my ignorance about computers and CAI on 
the one haj»d and my faitb in their potential on the other that led me to 
apply tpr a NWftEL study award* In my naivete 2 proposed what I thought 
was a reasonable short-term projects identification of other risers, 
evaluation of existing CAI, identification of gaps in existing CAI, and 
development of programs to fill the g*p«« As a grateful aware recipient, 
I arrived at the Lab some months later with a little more experience and 
knowledge, enough to realise the enormity of project and its impossibility 
within a four-week period. With the assistance Of Judy Edwards Allen and 
Don Folznaede, to whose unit t was assigned, 1 narrowed the scope considerably. 
. The fourth goal, program development, was eliminated completely, The other 
* " objectives were incorporated into one general goalt determining the * state- 
of-the-art" of microcomputers and v the mildly handicapped. As a result of my 
reviews of the available literature, the topic that later emerged in my 
mind and which I approached as such in the report that follows became 
. "computers and the handicapped,* 




The report reflects my discoveries and conclusions, First, much has been 
done in the area of computers and the handicapped in terns of special 
education administration, hardware adaptations p and software development. 
Second, little of this is now coimercially available. Third, most existing 
CAI, developed for other populations (the so-called "normal 1 * students and 
remedial students) must be adapted and modified before it can be successfully 
used with the handicapped, Fourth, criteria for evaluating CAI for use 
with the mildly ha-idicapped (to return in part to the original study proposal) 
wist reflect the special learning needs of this population. 

Before going into the major report, though, my ^ctivities during the four*- 
weel^ stay, July 27-August 21, should be described briefly, On the first 
day I met initially with Dr. Rex Hagane, who discussed the study award 
program and graciously located an office for me. His assistant, Merry Millage, 
provided valuable assistance in obtaining supplies and materials, and answering 
questions about the Lab, as she continued to do throughout my stay. I also 




met with Judy Edwards Allen, who showed me the Microcomputer room and 
introduced me to the Information Center staff. Later in the day I discussed 
my project with Judy and Don and by the end of the day had completed the 
initial steps of an ERIC search with Donna Shaver. Later in that first week 
I *poke more extensively with Don about the MicroSIFT Project, what it had 
accomplished and new directions it will take. Don continued to be extremely 
helpful in assisting my explorations of resources and providing feedback about 
my project. 



My first two weeks were spent largely in the Information Center which 
contains vast resources in computer technology. The extensive article 
files, journal collection, .and ERl£ microfiche files enabled me to have 
access tp information I could not obtain in my own area, I also was able 
during this period to ^eview scene of the journals housed in the Microcomputer 
unit. Much of the information I obtained is described in the report that 
follows, but a small portion is incorporated into a separate collection 
about CAI programs, vendors and resources, a pragmatic activity which will 
enable me to more knowledgeably purchase CAI materials this year and to 
establish connections with other users, *\n additional benefit of my NWREL 
experience is that these Aateria v ls will be shared with Lee Trippett, CAI 
specialist, and other teachers interested in CAI in the Jackson County 
ESD, my employer. 

The third week was spent in reviewing some of the CAI programs available 

in the Microcomputer room. I agreed to evaluate them for their appropriateness 

for special education, usiw the evaluation form and guidelines produced by 

MicroSIFT. I screened maAy programs from a variety of producers and documented 

the evaluation of four pjLgxams more extensively. The completed evaluations 

have been given to Don HoIznag(le. During tha third week I also made contact 

with a few of the people around the country who are in contact with the 

Microcomputer Technology unit here at NWKEL. One of these contacts, 

Doug Archer, Special Education Media Cpecialist in Creston, Iowa, promises 

to be particularly useful in the future for information and current 

developments in jthe field. 
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My final week at the Lab has been spent in organizing my information into a 
form that is useful to the Lab. My contribution is the "state-of-the-art" 
report, the accompanying bibliography and the ERIC searches which yielded 
over 210 citations on Computers and, the handicapped. For my own part, I have 
expanded my knowledge of what can be done for the handicapped with computers, 
determined what I reed to do in order for my students to profit from their 
experience with the Apple Microcomputer, and established a resource 
information file to be shared? with my colleagues « Clearly the dismay I 
felt last spring has been dissipated, and I am grateful to NWREL for the 
opportunity to expand my knowledge and to contribute what I have learned to 
others. 

» 

COMPUTER APPLICATIONS IN SPECIAL EDUCATION ADMINISTRATION 

One of the major applications of computers is in the area of special education 
administration. Although this is not the focus of the present study, and 
therefore no special effort was taken to seek out such information, a few 
projects were identified and worthy of interest. 

Computers aire being used extensively in data management. The Bronx Special 
Education Regional Office uses a microcomputer system in two ways? 1) a 
monthly attendance procedure, and 2) inter school articulation (involving 
projected space needs, student groupings, special student requests, final 
placement, and student information records (Martin, 1981} , Another project, 
The MONITOR system developed at Utah State University, was designed to meet 
four needs; 11 assign and monitor timelines for all educational services 
to be delivered to individual handicapped students^ 2) provide timeline 
summaries of educational services delivered and those yet to be provided to 

ndividual students; 3) provics program~wide information on the school *s 
ability to deliver educational services within established guidelines; and 
4) make basic student accounting information, such as student counts, 
available to program administrators (Whitney and Hofmeister, 1981), (An 
interesting note of caution , however, is being sounded by Joiner and Vensel, 
1981. They warn special educators against the mistakes already made by 
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business and educational institutions involved in the development of 
management information systems: the breeding of facts and reports at a 
rate exceeding the user's ability to digest them, and the domination of 
systems design by "technical -experts" with little input from line staff*) 

The obvious use of computers in .administration involves the development and 
monitoring of IEPs, one of the most time-consuming r non-instructional 
activities of the special educator* Columbia Learning Systems, a private 
firm located in Beaver ton, Oregon, generates computerized IEPs based on 
diagnostic information obtained by psychologists % With computer assistance 
they identify specific student needs from student profiles, cross-reference 
skill deficits to appropriate strategies and materials for remediation, 
and monitor student progress toward goals established on the IEP, Similarly, 
a computerized support system for IEPs known as ORBIT (Organized Resource 
Bank of IEP Text) is being developed by the Montgomery, Maryland County 
Public Schools and is described in detail by Koehler, Ossler and Raucher 
(1981) , A system that has been available for some time from Microcomputer 
Education Application NetwoxK (MEAN) is PIE (Programming for Individualized 
Education) which stores individual student datA| analyzes test data, monitors 
procedural guidelines, and processes information on groups of children. 



An application of computers closely related to IE? development, just beginning 
to be explored, involves diagnostic remedial procedures. While many CAI 
programs already make use of branching techniques, moving students through 
material at a faster pace or recycling them through lower skill levels based 
on performance information, and while several Giagnostic programs determine the 
skills a student possesses or lacks, none that I am aware of actually analyzes 
what errors the student is making and wh> , and then provides specific 
corrections aimed at instructing the student in the correct response. And 
yet error analysis and fine-tuned remediation *a a major task demanded of 
the skilled special educator and is certainly within the scope of computerized 
instructional aids. A step towards the development of a computerized diagnostic 
model is described by Brown and Burton (1977) in the area of basic 
mathematics skills, based on idantif ication and description of students' 
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knowledge of rules and their misconceptions, At the time of their report 
the capabilities of the system wete solely diagnostic— no tutoring was 
attempted. The Bronx Special Education Regional Office is investigating 
with SRA math skills diagnosis and prescription* it will be interesting to 
see what comes of their venture in the future and the extent to which error 
analysis procedures are utilised. 

Another non-CAI use, developed at UCLA in a non»categorical program for the 
handicapped, employed the computer in scheduling students into individualized 
instructional group*. The handicapped children (variously identified as 
retarded, autistic, seriously emotionally disturbed, learning disabled, or 
aphasic) in the early childhood program were assigned to instructional groups 
based on student and teacher variables* Factors such as instructional needs, 
current level of functioning, classroom behavior , availability of staff 
members, and space were considered. Although the feasibility of computer** 
generated schedules for public school settings is yet to be determined, it 
appears to have the potential for relieving the special education teacher 
of a very complex, cumbersome taskt scheduling (Frankel, et al t , 1979) ♦ 

! 

HARDWARE ADAPTATIONS 

Many of the projects involving instructional applications of' computers with 
handicapped students have required modifications of and additions to the 
basic computer equipment in order to allow the handicapped users to take 
advantage of the computer's capabilities. Although some of the projects 
were undertaken with specific handicapping condition^ in mind (the hearing 
Impaired, for example, are the beneficiaries of much of the research) , the 
technological advancement* have applications beyond the original target 
population* Therefore, the following annotated list of hardware adaptations 
is only loosely organized by category of exceptionality , and should not 
Imply that the specified handicap is the only population that can benefit 
from the adaptation* 
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Physically/Orthopedically Impaired 

o H Joy sticks" can be used to control the interface with a computer, 
eliminating the need for a keyboard (Jung, 1980) 

o Oversized touch sensitive keyboards, measuring 15 M xl8 M with keys 
measuring 1 H square and 1" of space between keys, reduce demands 
for fine motor coordination (Jung, 19$0) 

o Passing identification cards through a reader can minimize the 

amount of information which needs to be correctly encoded (Seyfried 
- and Lowe, 1980) 

o Ttouch panels, wej.1 separated, can be used to input simple binary 
information (yes/noj true/false) (Seyfried and Iowe, 1980) 

o Kneeswitches can be used to control the interface with the computer 
(Jung 1980) 

o Hand, foot and head control switches * under pneumatic control also 
control input CWinters 1978} 

o Voice recognition systems, trained to recognize a certain set of 
words by a* particular person, allow students to respond orally 'to 
CAI programs (Moursund, 1980-81) 

o Audio peripherals that permit the computer to synthesize speech 

can be used for communication by non-verbal students tJoiner, Sedlak, 
Silver stein, and Vensel, 1980) 

o Computers can be a source of employment for physically handicapped 
adults who are trained in computer programming (Wieck, 1980) 

Visually Impaired 

o The Optacon translates regular text into tactile J*iages, one 
letter at a time (Wieck, 1980) 

o The Kurzweil Reading Machine reads text with a synthetic computer 
voice and can spell out loud any unrecognized word (Wieck, 1980) 

o* Voice synthesizers provide output in non-visual form (Seyfried 
and Lowe, 1980) 



Hearing Impaired 

o Videodiscs interfaced with microcomputers can provide interactiv 
instruction and incorporate still or motion pictures <Nugent, 1980) 
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o Videotapes Interfaced with microcomputers likewise can provide 
access to wider graphics and animated sequences to illustrate 
9 linguistic principles (Withrow, 1979) 



Mentally Retarded 

o Videodiscs, interfaced with microconqputers, with random access 
audio provides verbal instruction to non-readers and allow fast 
transitions to remediation material (Thorkildson, Bickel, and 
Williaias, 1979) 

o Touch switches or photo cells employed as input systems allow the 
- most minute student movement* to be detected (Seyfried and love, 
1980) 

o Metal overlay keyboards containing a small number of keys simplify 
the computer terminal (Knufcson and Proohnow, 19701 

/ • 

o * Special purpose keyboards with keys that illustrate the concepts 
being taught are used in survival skills instruction such as money, 
laundry symbols, time, nutrition, cafeteria cashiers, and Bliss 
symbols (Hallworth and Brebner, 1980) 

p Computers interfaced with random access slide projectors, audio ^ 
casoetts and synthetic speed synthesisers can be used to illustrate 
in multi-media fashion" real life situations Ctf all worth and 
Brebner, 1980) 

Learning Disabled 

o | Light pens allow students to make pointing responses to multiple 
choice question* or to trace figures (Joiner, Sedlak, Silverstein, 
and Vensel, 1980) 

o Audio output devices, which provide verbal instruction, combined 
with touch panels or touch sensitive screens minimize the demands 
on non-readers (Moursund, 1980-81) 

o Computers interfaced with random access slide projectors develop 

language concepts with non or poor readers tMacleod and Overheu, 1977) 

o A "button box" arranged in 8 w x8" array is used to teach hand^eye 
coordination, sequential memory and sight word recognition 
CMacleod and Overheu, 1977) 

o A dox-matrix discharge panel, associated with a pen with a pressures 
activated switch, is used to teach handwritting skills (Macleod 
and Overheu, 1977) 
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SOFTWARE APPLICATIONS 



A surprising amount of research has been undertaken, usually in university 
settings but occasionally within public school systems, to develop 
courseware or to adapt existing programs to meet the instructional needs 
of handicapped learners. Unfortunately, little of this is now commercially 
Available. What follows is a brief description of some of the many projects 
that have been going on. Again, some were designed for specific handicapping 
conditions but have wider applicability; therefore, the listings are organized 
by content area. 

Mathematics 

o The Add Program presents addition problems with sums tc 99 in three 
formats: 2~choice Answer, 3 -choice answer, and open~e/ued 
(Vitello and Bruce, 1977) 

o The Shape Program teaches discriminations between geometric shapes % 
and non-geometric shapes and big^and little shapes, * Four shapes 
are introduced t circle, triangle, square and rectangle (Vitello 
and Bruce, 1£;7. ) 

o The Word Problem Program teaches the translation of word problems 

into number sequences, requiring the student to specify the operations 
and operands necessary to solve the problems (Roman and Laudato, 1974) 

o Leonard (1970) describes an elementary mathematics principles and 
operations program for younger handicapped students that teaches 
numbers and how to use them in performing basic addition and 
subtraction operations in a series of carefully structured problems 

o Sandals CI 97 91 reports on a University of Manitoba projeot to 
develop courseware in mathematics for a wide variety (in age and 
disability) of handicapped students based on a detailed hierarchy 
of mathematics skills 

o Wieck (1980) reports on a Washington, D«C, project to use the 

math portion of the PLATO Basic Skills curriculum with moderately 
retarded children 

o Suppes and his colleagues have long been involved in the 

development of a drill and practice mathematics curriculum for 
deaf children (Suppes, Fletcher, Zanotti, Lorton and Seatle, 1973) 
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Reading 



Elfner (1973) describes a 3-yeai project in Florida that developed 
a reading curriculum for EMR students * of which the computer was 
only oim instructional tool. Much of the project v^s devoted to 
breaking down lessons into sufficiently sma-U steps and refining 
feedback, procedures 

Edinburgh University has developed a computer-based system for 
teaching handicapped children word attack skills by phonics 
approach. They employ a computer -control led slide projector and 
touch sensitive screen in the instruction (Howe, 1981) 

The CARIS (Computer Animated Reading instruction System) introduces 
reading to handicapped children by animating nouns and verbs 
selected by the student. A light sensitive screen is used to 
teach the vocabulary skills (Geoffrion and Bergeron, 1977) 

A learning disabled child was taught the Dolch sight word list 
of 220 words on a small home computer « Graphic cues (arrows) 
were used to establish left-to-right progression of decoding and 
an audio cassette was used to ensure porrect identification of 
words (Pollard, 1979) 

The "button box" described earlier was used at th. *cralian 
National University to develop sight recognition ol a basic word 
vocabulary, including safety words such as DANGER* A sequence 
of practice activities is used to develop the readinq skills 
(MacLeod a$d Overheu, 1977) 

Leonard (1970) describes an elementary reading program that 
teaches letter sounds, syllable sounds and spelling of words and 
syllables. The program employs a computer -controlled random 
access tape recorder,, a slide projector and typewriter 

Wieck (1980) reports that the PLATO program in reading *»-d 
language arts war lsed to reach word attack skills, enc iing, 
decoding and comprehension to learning disabled junior high 
students 



Language Arts 

c "Building Blocks for peveloping Basic Language a curriculum 
developed for deaf multi-handicapped children, was translated 
into an interactive computer program. It is designed to teach 
vocabulary, categorization skills, sentence structure? . and question 
forms, and it incorporates object drawings and graphic displays of 
manual communication signs (Galbraith, 1978) 
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Moursund (1980-81) reports that touch panels md audio output 
devices can be used together to develop language arts skills 
of learning disabled children. The computer displays an image 
of a chair *nd a tab? a and signals the audio device to give the 
''direction * ouch the chair," for example 

Microcomputer/videodiscs combir three-dimensional animated 
sequences illustrating specific linguistic principles witl* 
appropriate English language constructions. Hearing impaired 
students interact with the program to create sentences, and the 
action is then displayed on the screeh (Withrow, 1979) 

Handwriting skills have been taught to learning disabled children 
using the Austral i&ft National University program that employs a 
Digivue display screen and associated pen, described above. Exercises 
can be completed only by executing the required sequence of strokes 
in the specified order and direction and within a preset accuracy 
level (Macleod and Proc^o. , 1979) 

Retarded children were taught vocabulary skills, beginning with 
pronouns, simple conjunctions and verbs > through a program described 
by Nelson tl972) , An introductory sequence first teaches the child 
to enter his name, coxrectly spelled, when requested by the computer 

. Erting and Mackall (1981) describe the use of piato to develop 
academic skills and appropriate classroom behavior among disruptive 
hearing impaired students, The children created sentences using 
vocabulary words presented in instructional lessons, based on a 
given animation 

Joiner,- Sedlak, Silverstein, and Venatl 11980) refer to a recently 
developed reading and language arts program for secondary students 
with learning disabilities The project, completed by Control 
Data Corporation and Minnesota State Department of Education, is 
designed around the PLATO timesharing system and is said to be "the 
most sophisticated instructional system now available for the 
handicapped " 

Wieck (1980) reports on the teaching of English as a second language 
through drill and practice to hearing impaired students at Gallaudet 
College and the Learning Center for Deaf Children in Massachusetts, 
Writing skills are atiaaila. d with the "electronic mail" technqiues 
at the Massachusetts program 

Wieck (1980) also reports on the efforts of the National Technical 
Institute for the Deaf at Rochester, New York to expand the language 
arts skills of the deaf * They have developed a computer program 
that diagnoses student writing performance and a tutorial program 
to improve syntax in writing 
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o The University of Manitoba has also developed CAI based on 

their hierarchy of language arts skills. Special needs students 
I work on^euch skills as phonic analysis* structural analysis, 

j comprehension* vocabulary, wor j forms end usage, syntax, 

| punctuation, and spelling (Sandals, 1179) 

o Basic concepts such as above, below, tight and left are tested 
by a computer-controlled elide projector incorporated with a 
touch panel. This application, developed at the Australian 
National University* is ^sed on the tOShm Test of Basic Concepts 
(Macleod and C erhett, 1977) 

o Leonard (1970) describes a spelling program based on the 

recognition of basic sight words* A tilde projector displays 
pictures of the uoeten words, and the Student goes through a 
series of steps in Which he types the correct spelling for each 
word, A word-guesslftg program on the Order of Hangman has been 
developed in conjunction with the spelling program and is used to 
reinforce vocabulary, spelling and wotking on the spelling program. 

o Leonard (1970) also describes the use Of the Poughkeepsie Day 

School Spelling program with special education students, It is a 
nongraded spelling program developed on the basis of vn analysis of 
spelling errors made by students in grades 2-9 j 



Survival Skills 

o Knutson and Prochnou (1970) developed one of the earliest programs 

for the mentally retarded that employed a modified keyboard (described 
above) / A metal overlay keyboard with ten over sise keys and 
r jaovable caps was used to teach money skills. Actual coins were 
placed on the keys, and the students were instructed to "press 
the coin 9 * worth a specified amount 

"allworih and Brebner (1980) describe expansions of the keyboard 
adaptations. The University of Calgary project has modified 
equipment to be used in the teaching of money handling, shopping, 
making change, keeping Nw: accounts, budgeting, recognition of 
shapes and letters, social sight vocabulary, nutrition, time sense, 
laundry symbols, filling in of forms, and training cafeteria cashiers. 
The materials avoid using content taken from elementary school* texts 
designed to meet the interests of children; instead they are designed 
to be appropriate for an adult population 

o Winters (1978) refers to other applications made by Hallworth 

and irebner. Social skills such as how to apply for a job, how to 
dress appropriately, how to use a calendar and to tell time are 
also being taught 
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Miscellaneous 




Learning disabled students have been taught computer , programming , 
problsm solving and mathematical thinking through the use of 
LOGO, a computer language for elementary school students. They 
control a robot "turtle" that can move and draw pictures on the 
computer monitor (Weir and Watt, 1980-81) x4 \ 




o 



o 



o 



o 



o 



The Australian National University has used the "button box" 
described earlier to teach hand-eye coordination. Students chase 
a lighted button around the 8^*8" array, and the test can be ' 
-specialised to require usa>tff < iither hand(s) or eye(s) in various 
combinations. It is claimed that the program has also been 
effective in foncentptfting the attention of distractable students. 
Another applicative? tht ^tton bo* la in developing memory 
for single spatial and linear sequences) a pre-determined number 
of lignts turn on than off in sequence* and the student tries to 
reproduce the sequence Macleod and Overheu, 1977) 

Not an instructional ^rogram in itself but nonetheless designed 
for hyperactive cnlldren is the technique described by Kleiman, 
Humphrey and Lindsay (1981). Special messages were incorporated 
into a math program and appeared Whenever a child answered too quickly, 
took too long to respond, or made too many inappropriate button 
presses ta.g., "STC? ITJ*' 

The microcompu tar/videc^isc system for the moderately mentally 
retarded described earlier (Thorkildson, Bickel and Williams, 1979) 
was developed based oo the instructional package "Matching Sires, 
Shapes and Color In its CAI form, this matching program was 
designed to assign student responses to categories including not 
only correct or incorrect, but also marginally correct. Feedback 
appropriate to one of the three response types was then given to 
the student. 

Hot an instructional program but rather a software adaptation 
that makes CAI accessible to the mildly visually impaired is the 
incorporation of high resolution graphics and the use of highly 
readable and visible color contrast (leyfried and Lowe, 198 Qi 

Leonard (1970) r.^rts on the development of four computerized 
games for tfc, learning disabled* The games put the student in 
the role as a participant in a simulated situation and let him solve 
problems; he is expected to learn by discovery the relationship 
between variables in the simulated environment 

Leonard (1970) jrtso describes the application of computers to the 

area of vocational skills for special education student*. One 

program gives e+*.~4tlts experience in completing job application* 

and several others are being used in sxploratcry vocational activities, 

providing simulations in such areas as automotive and television 

repair 
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TEACHER AIDS 



Several projects have been started to assist the special educator in 
utilising computers in the classroom. As Berthold and, Sachs (1974) state 
succinctly, "Most special education teachers lack the time or motivation 
to acquire complicated programing skills, and the possibility of supplying 
teachers with trained programmers who are constantly available to adapt 
lessons to individual student* 1 needs is economically dif f icult* (pp. 121-122) . 



o Berthold and Sachs (1*74) refer to a simplified programming 
language termed MR, COMPUTER which teachers without previous 
programming skills can master in a few hours. It incorporates 
many techniques designed for preparing and adapting individual 
lessons 

o Thorkildson, Bickel and Williams (1979) programmed their Apple 
Microcomputer which interfaces with a Videodisc in PILOT, a 
computer language for Apples that is specially designed for CM. 
They designed the microcomputer/videodisc system so that teachers 
can ultimately develop their own CAT courses or instructional 
. models. 



*6 ASSIST (Authoring. System Supplementing Instruction Selected by 
Teachers) is a CAI system developed by PMC Rasearch Corporation. 
Its aim is to demonstrate and evaluate computer programs for 
mentally handicapped children $ another goal is t(. allow teachers 
to* create and assign CAI lessons in any curriculum area for any 
student population. Ten different models of lesson presentation 
formats such as multiple choice format , copy format and binary 
format (yes/no ; true/false, etc) have been programmed; teachers 
merely submit their content information and specify special 
corrections (Chiang, 1978) 

o An aid of a different sort has been developed at the Special 

Education Instructional Materials Center, State University College 
at Buffalo. They have used the computer to as list in the pre-planning 
process of using resource units. Existing units were evaluated 
for appropriateness with special education students, and new units 
were developed to meet additional needs of exceptional children. 
The information about materials, objectives and units was then 
stored on computer (Leonard, 1970) 

o A project currently going on in Creston, Iowa is the collection, 
evaluation and cataloging of CAI for the handicapped. It is 
planned that the final pr <duct will catalogue programs alphabetically, 
by content area, grade L.jI and company (Archer, 1981) 
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AVAILABLE CAI AND THE MILDLY HANDICAPPED 

Despite the demonstrated range of applications of computer technology 

to the education of the handicapped, commercial software producers have 

generally not targeted this potential mairket. In my preliminary reviews 

of 'ihe most popular software catalogues, I found only one CAI product 

specifically identified aa being for the handicapped; MECC Special Needs, 

Volume I, Spelling, available July 1981, In personal conversation with 

Doug Agcher, Special .Education Media Specialist in Creston, Iowa, I found 

that there is a small number of other products , Interpretive Education has 

developed a series on basic living skills for secondary TMR students, and 

Grover Associates has a package called Microcotttounicator which is designed 

for non-communicative students. Most of the materials he has identified for 

special education students, however, come from schools and are not 

available from commercial producers, MECC System Library contains a 

catalogue of programs which can be u*ed with students with special learning 

or behavioral problems, though not written specifically for this population* 

Not a CAI instructional material alone, but nonetheless developed for 

* 

handicapped secondary students, is Microcomputer Education Applications 
Network's SP ED HEAD, This is a testing and functional reading drill 
program which also includes listing of objectives and curriculum materials 
references. As noted before, Martin (1981) states that the Bronx Special 
Education Regional Office in conjunction with 8RA is investigating mathematics 
skills diagnosis and prescription for special education students involving 
programs already developed by SRA, so presumably additional software * 
products for this population will be available from commercial publishers 
at some point in the future. 



Nonetheless, at the present time commercial software for handicapped students 
is extremely limited. Jostad and Kosel (1980) reviewed educational software 
from 35 companies and found that the distribution for elementary schools by 
w x 1ect area (total sample % 70Q programs) was lowest for art, science and 
tfpeciul education. These three subject areas Were not even reflected on the 
graph whose scale was in units of 5 instructional programs. One might surmise 
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that (special education's neglect is par My due to its small population of 
students. Another factor may bo that software developers are concentrating 
on dltftware which is the easiest to produce , drill and practice (Jostad 
and Kostel, 1980), thus avoiding more complex programming requirements which 
software for the handicapped presumably demands. Certainly the projects for 
the deaf, blind, physically impaired, and moderately/severely retarded 
referred to above involve sophisticated software or hardware modifications, 
and in any case most are still in the development stage, not yet commercially 
available. Yet the mildly handicapped (i.e., iaaming disabled, mildly 
mentally retarded, and emotionally disturbed) in most cases do not require 
the complex technological modifications of the more severely Impaired students, 

r 

In fact, the educational needs of the mildly handicapped are strikingly 
similar to those of the student population in general: instruction and 
practice of the basic skills— -reading, spelling, language arts and math. 
Because so many excellent CAI programs already exist in these content 
areas, the question ia whether or not* the existing CAI can be used with 
low performing students. 

Undoubtedly some courseware can be used with mildly handicapped students 
without modification. But, in fact, many special educators have had 
to adapt available software to' the needs of their students. The following , 
is a list of seme o£ the presenting problems in the software as is and 
some of the adaptations that have been made in response. 

o Readability is the factor whidh most interferes with successful, 
independent use of computers by the handicapped, Students who 
have not attained the reading level demanded by the printed text 
will make*lrrHrs ndt necessarily because they fail to understand 
the conce£& or skill involved but because they misinterpret the 
' text. Seyfried and Lowe (1980) cite the use of speech 
synthesizers to permit oral presentation of material along 
with visual. Thorkildson, Bickel and Williams (19791 refer to 
random access audio in their discussion of using microcomputer/ 
videodisc^ Systems with the non-readin<f , --rately mentally 
retarded, an adaptation which would work with aiv£ non^reader, 
regardless of handicapping condition. Leonard (1970) documents 
the cechnique of changing the vocakwlary of printed messages 
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to make the reading level appropriate to the target population. 
Audio output device* are suggested by Krtutson and Pruchnow (1970) , 
Moursund (1980-81), and Joiner, Sedlak, Silver stein and Vensel 
(I960: 

o A related difficulty is the inability to understand and follow 
directions independently. Complex, length instructions can, of 
course, trouble normal students as well (and are often a programming 
problem rather than a student problem)* but even clear, simple 
directions can overload a handicapped Student, even one capable of 
decoding the words* Nugent (1980) mentions additional prompting 
-as one solution. Obviously clean, well thought out programming 
with special care given to visual displays and concise directions 
will reduce the burden on the mildly handicapped 

o Corrective feedback » while important tot normal students, is 

essential for special education student!, if guessing strategies 
and practice of errors (not to mention frustration) are to be 
avoided. Leonard (1970) suggests providing more hints that lead 
to the correct answer and providing the correct answer sooner 
(rather than "WRONG — TRY AGAIN") on questions of a factual nature* 
Frequent, non-threatening and non-demeaning feedback (positive and 
corrective) is, of course, a prerequisite (Chiang 1978) 

o Response time is often slower for the handicapped, whether because 
of the nature of the handicap itself or because of an associated 
difficulty in reading, computation or other academic skill. 
Leonard (1970) advises lengthening tht allowable response time 
while Elfner (19731 fov 1 that removing time constraints altogether 
was most effective 

o The load on short term memory must be minimized because many 

handicapped students have a deficiency in short term memory. Hallworth 
and Brebner (1980) recommend immediate feedback so the student does 
not lose track of the problem, and providing cues such as counting 
devices, Breaking instruction into short segments and demanding 
frequent student responses should also help 

o Criteria for mastery sometimes are inappropriate for the 

handicapped, particularly the mentally handicapped, Leonard (1970) 
states that criteria were often too stringent which frustrated 
students because of their inability to proceed to more complex 
problems* He found that success was achieved by decreasing the 
percentage correct needed to advance to a higher skill. Note, 
however, that many special educators would disagree u2.tii this 
perspective, arguing that overlearning of material with more, 
not less, stringent criteria and extra repetition are needed to 
ensure mastery (Chiang, 1978). In any case, varying criteria 
levels (up or down) Appears to be an adaptation of available CAX> 
one that is not applicable to handicapped students alone but 
normal students as well 
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o Small steps in learning are essential for most students with 
learning problems, and many commercial materials require 
cognitive leaps that are too great to be bridged by special 
education students (And probably by many non-handicapped as 
mil). Elfner (1973) found it necessary to create new levels 
of material within the structure of the original CAI materials. 
Supplementary materials such as slides end recorded tapes were 
made available by Leonard (1970) to enable special education 
students to use computerised economics flames. Additionally, 
when skills become too complex for the handicapped student's 
current level of functioning, they can be eliminated from the 
- student 1 s CAI activities 

o Perception and attention to releVAnt 18 a deficiency 

cf some handicapped Students , particularly the retarded. 
Hallworth and. Brebner (1980) suggest thai in early stages of 
learning only the critical information or stimuli be presented > 
gradually and systematically other information will be added, 
with careful thought being given to teaching discriminations 
between relevant and irrelevant information , examples and v 
ncnexamples, and alternative forms and formats 

' o Keyboard terminals can be particularly difficult for the 

handicapped, not only for p* ically impaired whose fine motor 
skills are poor, but for phy^xcally intact individuals whose 
typing skills make responses of more, than 1-2 characters 
laborious and frustrating, (Of course, this can be true of 
normal students as well.) Moursund (1980-81) reconmends 
teaching touch typing skills as one solution. Many programs 
assume that students can type thai? names j some handicapped 
students (usually those who are either younger or more severely 
involved) may lack this preskill. As noted before, Nelson (1972) 
refers to an introductory sequence which teaches the student 
how to enter his name when requested by the computer. Seyfried 
and Lowe (1980) suggest that passing an identification card 
through a reader can eliminate* much of the typing demaitJ in 
sign-in procedures. An obvious adaptation, useful for all 
students, handicapped and non-handicapped, As to limit the 
response mode to single character responses (Y/Nj T/F, etc.) 
when possible or to employ light pens or touch panels 

o Matching learner characteristics is another problem which is 
not exclusive to the handicapped. For the learning disabled 
though , who are often frustrated learners, having to use 
materials which are appropriate for current skill levels but 
not to age or interest levels, is an added irritant and impediment 
to learning. Leonard (1970) notes the obvious i selecting CAI 
materials, as any other instructional material, involves not 
only appropriate content and objectives, but also information 
of concern to chronological age, to interests and understandable 
to mental age. This applies not only to content material, 
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examples and illustrations , but to sound and graphics as well; 
a high school age handicapped student *ho needs to practice 
addition skills may hot appreciate a happy face being flashed 
on the screen after every problem 

~\ 

EVALUATION OF CAI FOR. THE HANDICAPPED 

It should be apparent that the problems with currently available softwars and 
most of the solutions suggested in the literature nre by no means unique to 
the mildly handicapped. This merely reinforce* the notion that mildly 
handicapped learners are more like the so -called "normal" students than 
different. However , whereas a normal student oil! utilize and learn from 
most csiefully selected CAI programs without modification (however less 
efficient and effective the ^earning might be) * this is probably less the 
case with handicapped students: without thorough evaluation and adaptation, 
where necessary, of commercial courseware, special education students stand 
to profit little from the tfme spent at the computer terminal. Unfortunately , 
the documentation of software which is needed to evaluate, adapt and modify 
program* is a low priority item by developers* This is demonstrated in 
Jostad and Kosel's (1980) evaluation of 29 ~ ample vendor programs t on a 
scale of 9 (low) to 5 (high) ,* tutorial strategy programs were rated 1,75 
on documentation; drill and practice, 2.10; educational games, 2.50; problem 
solving # 4.25; and simulation, 4.25. Thus the programs most likely to be 
used by handicapped students (tutorial', driJl and practice) have the least 
documentation which would facilitate evaluation and adaptation for these 
students. 




In view of the less than adequate documentation and the need in many cases 
for modification of existing materials, good evaluation criteria, specifically 
addressing the educational needs of the* mildly handicapped, are necessary. 
Vitello and Bruce U9771 have identified 3 attributes of CAI which are 
particularly relevant to the characteristics of the handicapped: 1) the use 
of multi-sensory presentations of materials wl&ich eliminate or reduce the 
requirement of reading for the poor or non-re^dtt; 2\ the repetition of 
material which insures sufficient practice and over ^learning for the slow 
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learner? and 3) the immediate remediation of incofciect responses which 
presents further failure. Based on the already documented problems in 
using existing CAI programs with the handicapped r Vitello and Bruce 1 s 
observations (above) , and on pedagogical standards for instructing the 
mildly handicapped described by Archer and Edgar (1976) , what follows is 
a set of considerations that - -y^r^s particular scrutiny as courseware is 
reviewed for use with special education students. Where applicable these 
guidelines are corss-referenced to items listed ih phe Evalua tor's Guide 
developed by Mic roSIFT. 

GENERAL CONSIDERATIONS IN SELECTED CAI 

Entry Skills 

o Are the entry behaviors demanded by the program easy to ascertain? 
(15b) 

o Does the program provide a method to determine initial placement 
in the material? (12d) 

o Are the students capable of making the responses required by the 
program (i.e., using the keyboard and other accessories)? (7a) 

o Do students have the reading skills required by the program? (7b) 



Content 



Does the program present the major concepts that you wish to 
stress? (2e) 

Are the concepts presented clearly? (£a, 6el 

Is adequate practice of the skill provided? 

Is adequate repetition of concepts provided? 

Does the material match the chronological age and interests of 
the student? t7cl 

Is the skill or concept best presented by computer as opposed Ijo 
other modes of presentation? (20a) 
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Awe t of Student Mastery 

o is student performance Assessed st intervals throughout the 
program? (7f, Ilh) 

o Is student performance data used to aeke decisions about 
movement to higher ot lower skill levels? <7f) 

o Are mastery criteria adequate aad appropriate? 

o is feedback on student performance provided to teachers? (19e) 

CONSIDERATIONS IN SELECTING DRILL AND PRACTICE CAI 

Practice Activities . 

o Do activities focus On skills at the level of proficiency or 
maintenance? 

o 4 Do practice activities closely match the task that is ultimately 
to be performed by the student in the natural environment? (14b) 

o Is there an adequate number of practice activities? 

Independence of Task Completio n 

o Cqn students complete the program with minimal supervision? 
o Are directions simple? (7b, 17c) 

o Does the program include only a limited variety of student tasks? 

o Are student responses standard and easily recognisable? (18b) 

o Does the program ensure that students know the exact demands 
of the task? (18h) 

o Are prompts or hints used when needed? (lid) 

o is feedback on performance provided to students? (lie). 

o is student performance data provided to teachers? (19e) 
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. CONSIDERATIONS IN SELECTING TUTORIAL CAI 



Sequence 



i 



o Is the sequence written In terms of student behavior? (4c) 

o Does the sequence move from loast complex to most oomplex? (7f) 

o Does the sequence move from most freqtfsnt elements to least 
frequent? - 

o -Does the sequence include all intermediary behaviors that lead 
to the terminal objective? 

o Does the sequence avoid large jumps thlt would cause difficulty 
for handicapped learners? (7c) 

o Does thct sequence include a sufficient breakdown of steps? (7e) 

o Does the sequence note entry skills? (lSb) 

Instructional Strategy 

o Does the program focus on skills at the level of initial 
acquisition? 

o Are skills and concepts introduced systematically? V 

o Ja information presented in a logical t organized manner? (6a, 6e) 

o Does the program provide instructional input on how to perform the 
skill? (6c) 

o Does the program demonstrate the desired response to the student? 
I6g, Hf) 

o Is vocabulary consistent and simple? (7b) 

i 

o Are students actively included in instruction? (10a) 

Practice of Skills 

o Is there an adequate number of practice activities? 

r 

o Are prompts and hints provided when needed? (lid) 

o Is the use of projnpts and hints facUA out when no longer needed? 

o Is feedback on performance provided to students? (lib, lid, llf) 
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Sequence^ 

o m Is the sequence evident in the material? (6e) 
o Does the sequence proceed from simple to complex? (7£) 
o Does the material proceed in a logical order? (6e) 
o Are the steps in the sequence small? (7e) 

Objectives 

o Are the objectives stated for the material? (4a) 
o Are the objectives similar to your objectives? 

Ongoing Assessment 

o Does the program assess student performance? (7f , llh) 

o Does the program make provisions for reporting student performance 
to the teacher? (20b) 

o Is performance Bata as reported by the program compatible with 
classroom data collection procedures? 

Feedback 

o Does the material provide positive and corrective feedback to • 
students? ail 

o Do correction procedures specify how to alter incorrect answers? 
CUdl 

o Are students provided with performance feedback on progress 
toward goals? (lie) 

o Is feedback provided frequently? (11c) 

o Are reinforcers appropriate to the responses demanded (neither 
too big nor too small)? Ula) 

* o Are reinforcers contingent on the <?«5&ired students 1 * behavior? (11a) 

o Is corrective feedback balanced with positive interactions for 
correct performance? 

o Can the program analyse student error responses to provide specific 
remediation? 

o Can the program alert the teacher to specific error patterns? 
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o Is feedback for correct performance more desirable thai, feedback 
for incorrect performance, so that the student is not encouraged 
to make deliberate errors? 

o Is the number of allowable responses per question limited so that 
the student is not encouraged to guess? 

o Are traps used to detect and correct potential errors of any kind? 
(18g) 



Adaptability to Individual nation 

o Can student 8 use the materials independently, with minimal 
supervision? (19f ) 

o Can students be placed into the material at their own levels? (12d) 

o Can students advance to subsequent tasks when they have demonstrated 
proficiency? (7f) 

o Can students progress independently? (7f) 

o Car the criteria for movement to higher or lower skill levels 
be varied? 

o Does the program encourage active student participation? (10a) 



General izat ion 

o Is the task performed by students similar to tasks required in 
other instructional settings? C14c) 

o Are provisions made to assist students in transferring skills 
to the natural setting? 

r Will the skill be useful to students outside of the instructional 
settings? (14a) 

Physical characteristics 

o Do text and graphics enhance rather than detract frpm student 
learning? (8a) 

o Does th program avoid graphics vhic^ distract students from the 
instructional purpose at hand? (l7o) 

o Do graphics _ serve an instructional purpose (i,e,, not used for 
entertainment alone \f 
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o Are type size and graphics suitable to the maturity of students? 
(7c , 17g) 

o Are graphics simple, with adequate spacing? (17a) 

o Does the program avoid lengchy, crowded text? (17d) 

o Does the time required to use the program match students' attention 
spans? (7d) 

o Can students control the time allowed for solving problems? (12a) 

o Can students control the rate of peresentation of text and graphics 
to suit th*ir own reading rates? (12b) 

Information to Teacher 

o Is essential background informatics provided? (15b) / 

o Is the sequence of the material specified? (6e) 

o Are the instructions to the teacher clear and complete? 

o Are sample runs included? (15c) 

o Are sections of the program easily located? 

o Can the program be supervised without sophisticated programming 
skills? (lSa) 

o Can the program be modified to suit individual student needs? (15c) 

o Is information to the teacher about student performance sufficiently 
detailed? U9e) 

Aside from these general considerations , specific thought must be given to 
the purpose for which the CAI programs will be used with students. The two 
major uses, tutorial strategies employed during the initial acquisition 
stage and drill and practice strategies for the proficiency and maintenance 
stage, involve evaluation criteria with slightly different emphasis. These 
criteria ar6 listed below, restating the general considerations in a different 
format, with additions and deletions made as appropriate. 
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THE STATE OF THE ART IN INSTRUCTIONAL TECHNOLOGY 



INSTRUCTIONAL DESIGN 

Instructional technology is generally accepted to include not only 

the hardware and courseware (programs, tapes, written materials, etc.) 

used in delivery of instruction, but also the process used to develop the 

courseware— junmonly referred to as instructional systems design (ISD). 

ISD, which incorporates the techniques of objective and item 

specification, task analysis, and the systems approach to curriculum 

aevelopaent is heavily used ia the military in the development of 

training materials, and increasingly used in education. The recent 

experimental work in "cognitive science" (Atkinson, 1980) adds a new and 

ia^>ortant dimension, as it synthesizes concepts from artificial 

intelligence and cognitive learning theory. The availability of 

interactive electronic media to deliver instruction provides the 

opportunity and the impetus to incorporate the best of current knowledge 

about how people learn into our curriculum development practices. The 

following statement characterizes the challenge to psychologists and 

behavioral scientists? 

•••research trends in cognitive psychology and , 
instructional systems are shifting from an emphasis on 
effective methods to acquire f*cts and skills to the 
study and developnent of intelligent, knowledge-based 
instructional systems. Knowledge-based systems are 
being developed which so thoroughly ^understand* the subject 
detain and the atttflsn^s grasp of the subject 14 
matter that they Are able to assist the student to 
recognise, artiouiate, and use diverse form.* of 
information in problem-solving environments. These 
developments are not siaply new wrinkles in 
educational research, they are assaults upon the basic 
questions of "Wfolfe is knowledge?* and "How is it "best 
acquired? * These research efforts are laying the 
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foundations for the solution of a much larger set of 
educationally significant problems than has even been 
considered xn the past (Atkinson, 1978) . 

The potential benefit of recent research in cognitive scicr.ee to the 

remediaton of basic skills deficiencies appears to lie in the area of 

error analysis. Recent work by Brown (1978) exemplifies an approach to 

error analysis that goes far beyond the current practice of treating an 

error in arithmetic, for example, as simply a feedback problem, solved by 

providing the student with the correct answer Brown uses the computer 

to analyze the pattern of studeiit responses, simulate the kinds of errors 

the student is liable to make from the inferred faulty procedures, devise 

an automated tutorial system to assist the student when an error is made, 

and give the student insight into the process of generating errors by 

challenging him or her to figure out procedural errors programmed into 

the computer. 

Instructional systems design and cognitive science, although they 
contribute to and are a part of the general field of instructional 
technolgy, will not be dealt with extensively in this paper, except to 
provide context and background. 

HARDWARE 

The hardware of instructional techrology can be defined as the 
electronic media — radio, television, calculators, computers and 
videodiscs-- together with the more mundane film, audio tape, and reading 
machines. The latter media have not advanced remarkably in recent years, 
and little empirical evidence can be found as to their effectiveness in 
teaching or remediating basic skills. The newer electronic media can 
provide the same capabilities as film, studio, and reading machines , but 
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when combined with computers, are envliv*?ned and made more powerful and 
flexible. Thus, in this review the electronic media will be described 
am) discussed rather than the older technologies. 

Radio 

The single important demonstration of radio as an instructional 
medium is the Nicaragua project described in the literature review. 
Using radio to teach basic skills in mathematics, the project was a 
success for that population. The materials were developed in Spanish, 
and the expense and effort involved were tremendous, as reported in a 
conversation with Barbara Searle, a principal investigator. 

Delivery of radio programming is dependent on access to broadcast 
transmission and must be schedij^d for a particular broadcast time. In 
the Educational Telecomnunications for Alaska (ETA) project, radio was 
considered as a medium for delivery of instruction in remote bush areas' 
and was discarded for the . following reasons: 

1. Fewer than half of the geographically isolated target 
schools were in an area reached by commercial or public 
broadcast radio. 

2. Scheduling of programs for broadcast placed severe 
limitations on the flexibility of the classroom teacher to 
use the materials * >propriately. 

3. The expense of developing and testing* the audio scripts was 
at least equal to that for other media. 

An advantage of radio where instruction must be delivered by 

satellite telecommunications is that it is a 'narrow band" technology as 

opposed to, for example, television, which is a "broad band" technology. 

That is, radio requires a small fraction of the satellite band width 

required by television for Storage and delivery of signals. Thus the 
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coat is considerably lower to deliver radio instruction via satellite 
than to deliver television instruction. 



Television 

Television as an instructional medium has received much attention 
both negative and positive* with the availability of the educational 



programs developed by the Children 1 s Television Workshop for commercial 



TV ("Sesame Street* ajrid "The Electric Company 11 ) educational effectiveness 
could be and was demonstrated. Locally developed programs, off-the-air 
taping, and purchase of commercially available videotapes add to the 
scheduling flexibility of the classroom teacher. 

"Staart* television, a melding of computers and television, is a 
creatidn already being marketed in Britain and Prance and being tested in 
Canada and the United States. Predictions are that smart television, 
generically know* as videotext or teletext, will replace ordinary 
television in the next decade. The systems will allow subscribers to use 
their own TV s*t (with a small attachment) to receive almost any piece of « 
information that can be fed into a computer. Videotext two-way 
communication networks will allow us to create a text or a graphic and 
haye it sent to a computer bank where other vie ere can have access to 
it. People can work together although hundred of miles apart through 
the "electronic mail* and "electronic blackboard* features of the 

system. The experimental QUBE system in operation in Columbus, Ohio is 

0* t 

an example of the interactive use of videotext, which focuses primarily 
on entertainment, through a cable television network. Two other 
Columbus-based efforts are OCLC, which provides subscribers with 
information via telephone end television with punch key consoles, and 





164 



ERIC 



Compuserve, which provides information on an interactive terminal using a 
telephone link\ Compuserve provides news and weather, electronic mail, , 
money management information, an<| games between users or between user and 
computer. Also available is access to the MicroNET software exchange 
which allows users to purchase programs electronically and have them 
"downloaded" (sent over telephone line) into their personal computers 
error free and ready to run* 

Calculators 

Handheld calculators have declined in cost to the point that they are 
almost as "disposable" as a ball point pen. A calculator offering the 
four arithmetic functions, sguare root, trigonometric and logarithmic 
functions sells for under $10. Several models have been extended to 
provide arithmetic drill or games, for under $25, and a spelling drill 
with "voice feedback (simluated) is available for $50. As the cost ot 
electronic components continues to decline, such devices will also 
decline in cost. 

Computers 

In the mid-1960s educators believed that the computer had the 
potential to become ubiquitous in American education. It was expected 
that computers would make it possible to realize important, changes in the 
availability and effectiveness of education. In 1975 Bennett Cerf 
predicted, on CBS, that within five years every school child in the state 
of Pennsylvania would have a computer terminal built into his or her 
desk. That state of affairs did not come to pass. In fact, by 1970 even 
CAI's most ardent protagonist, Patrick Suppes of Stanford, had dismissed 
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CAI as an approach to mass education because it was economically 
prohibitive (1970). The studies in ccmputer-assis s instruction were 
for the most part well-financed experiments whose costs could not be 
borne by most school districts when the funding ended. 

During the period of the mid-60s through the mid-70s one notable 
large scale sophisticated system was the PLATO project. Begun at the 
Univesity of Illinois and now a product of Control Data Corporation, 
PLATO offers sophisticated but expensive courses via terminals linked to 
a large central computer. The PLATO system has been seen as the Cadillac 
of CAI, and is still in usei For the most part, however, the dream of 
using technology to achieve important educational objectives had died by 
1975. 

That situation began to change when the affordable desk top 
microcomputer was introduced in 1976. A small portable microcomputer can 
now be purchased for $2000 which has the same power that before 1970 
would have cost nearly $250,000, would have required 100 or so times the 
space and would have been less reliable. In fac£, one can compare the 
$500 Radio Shack TRS-80 microcomputer to the first digital computer built 
at Harvard in 1944, the Mark I. The $500 machine, which represents the 
minimum of what currently available microcomputers can do, compares well 
to the Mark I. It is 10,000 times as fast, contains 16 times as much 
memory, and costs 1/250 as much. 

A typical and basic microcomputer configuration would include the 
following components: 

1. A microprocessor unit in a typewriter-like case with 

keyboard. The unit can store and process at least 4000 
(4K) characters, and is exp< ndable to 64K or more. Cost of 
the unit is upward of $500, depending on capacity. 
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2 • Auxiliary storage in the form of cassette tape of 5-inch 
> diskette ("floppy disk"). A diskette drive sells for about 
$500. 

3. A video display. Most microcomputers can be interfaced to 
a standard television set, color or black and white, for 
display of Input and output, A simplfc and inexpensive 
video monitor can also be used. 

4. A printer. Small and versatile printers which print 
graphic displays as well as standard keyboard characters 
are now available for $500. 

The microcomputers currently on the market incorporate additional 

features and peripheral hardware devices that simply did not exist (or 

only at great cost) in the technology of the 60s and 70s. A 

representative list of these new "accessories* would include: 

1. Computer-controlled (and programmable) graphics. The uore 
primitive "low resolution" graphics , high resolution 
graphics, character graphics, and vector graphics offer a 
selection of sophistication and cost. 

2. A "graphics tablet". A peripheral device which allows the 
\iser to draw any desired visual, with shading and fine 

. detail, on an electronic tablet which transmits the drawing 
directly into computer storage for later retrieval and 
modification or display. 

3. Pull color displays, with two dozen colors programmable for 
use in graphics or textual displays. 

4. Speech generators. The cost of programmable speech 
generators or voice synthesizers has decreased dramatically 

- _-in the last two years, and will continue to decrease from 
its present cost of $400. 

< 5. Voice recognition devices. These devices start at $300, 
and cart be programmed to recognize a set of spoken words. 

6. Music generators. The range is from simple devices that 
string together single notes to polyphonic generators that 
can be programmed to control attack, decay, and timbre. A 
piano-style keyboard 1 is available as a peripheral device 
for under $2000— music composed and played at the keyboard 
is stored by the computer and can be manipulated, 
transposed, and added to, while colored bars representing 
the musical Sounds dance on the display screen. 
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Video disc 

Beginning next September, 20 hours of television programming will 
become available on videodisc for middle-grade classrooms. The series, 
called Schooldisk, is the result of a collaboration between ABC 
(technical expertise) and NEA (content expertise). The 20 discs will 
sell at *7.50 to $10 each, and will require the lease or purchase of a 
$700 playback device. Schooldisk will offer more c^heduling flexibility 
to the classroom teacher than does broadcast television, and has 'freeze 
frame" capability j , r superior to that of video tape. 

TWe first incursion of videodisc into the clasroom takes advantage 
of only a few of the characterstics of videodisc technology. A single 
side of a virtually indestructible disc currenty can store 54,000 « 
separate full-color frames of pictures, alphanumeric or computer 
information, to deliver 30 minutes pf video. E<* h of the separate frames 
in nvKiered and randoraW accessible. Any portion of a motion picture can 
be replayed, backward or forward, at regular or slow.speed. 

An "intelligent" videodisc, which combines a microcomputer with the 
videodisc, is not yet commercially available, but is being demonstrated 
at several experimental sites. Such a system capitalizes on the i^ndom 
accessibility of videodisc frames, allowing the instructional designer to 
program the display of a particular single image or a motion picture 
segment in any desired combination, contingent on student response. The 
videodisc has the capacity of storing large quantities of digital 
data— about 10 billion bits, or 5 times the information contained in the 
Ency clopedia Britannica . Thus, CAI programs can the elves be stored op 
the first few hunted frames of the videodisc and transferred into the 
mi croc aputer to begin a CAI lesson. 

I >J;> 
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COURSEWARE 

The stat-e of the art in availability of courseware for delivery via ' 
electronic media, particularly in the basic skills, is one of burgeoning 
development and increasing sophistication. Commercially available cr 
public radio programming for remediation in the basic skills is very 
limited. Television or video tape courseware is available commercially 
in much t:h« -anc way as instructional films—virtually anything is 
available in the general fields such as U.S. history and literature, but 
very little is yet available* to teach specific skills, as in reading or 
mathematics. 

Calculators wnich drill in mathematics and spelling have the 
"courseware" built in as part of the hardware. 

?or CAI courseware, the situation is such that any statement 
characterizing the stite of the art will be outdated and obsolete by the 
time it is printed. The basic skills CAI curriculum has been dominated 
by the Computer Curriculum Corporation (CCC) which licenses mathematics, 
reading and language ar*:, courseware delivered by terminals connected to 
a minicomputer. Basic skills reading and mathematics materials ion the 
PLATO system arc Available on terminals connected to a very large 
time-shared computer, and soon will be available through a diskette drive 
uni* attached to a PLATO terminal. 

Beyond these two well-known systems, however, there has beef* littte 
available that could be called validated basic skills courseware. 
Microcomputer courseware has proliferated in the last two y< ars through a 
"cottage industry" of individual entrepreneurs. The resulting state of 
the art was very well described by R»2. Purser in a disclaimer which h^ 
printed on the back of his microcomputer software catalog: 
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Well meaning, "instant" programmers are selling 
amateurish, awkward or awful programs. They have 
brilliant ideas but cannot express themselves using a 
computer. It is like a first-year French student 
trying to write the great French novel. * 

In time most af the programs on the market today 
will be rewritten, improved, and polished. But for 
now, 95 percent of all the programs listed in this 
magazine should never have been offered for sale. 

Be careful. Be selective. 

The situation has change cl dramatically in recent months, however, ap 



teach basic skills by microcomputer. Competitive basic skills courseware 
is or soon will be available from Tandy Corporation (Radio Shack), 
Scott-Foreeman (Texas Instruments), SRA (Atari and Apple) aid Random 




announced plans or products to 



House (Radio Shack). Other publishers have indicated a commitment to 



major development of microcomputer courseware, with basic skills as the 



top priority for most publishers. 
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A REVIEW OF RESEARCH ON 



THE EFFECTIVENESS OF CAI IN BASIC SKILLS INSTRUCTION 



A review was conducted in Fall, 1980, of research on the 

effectiveness of canputer assisted instruction (CAI) as compared /to other 

forms of instruction. CAI is generally characterized by the interaction 

of a student at a computer terminal with instructional material ia 

question, a paragraph, a number, etc.) presented by the computer system. 

The studer/c responds by typing an answer or command and the computer 

responds with additional instructional stimuli which may be some function 

of the student's previous response. For purposes of this literature 

search, CAI includes drill, practice, tutorial, problem solving, and 

simulation, whi^h are defined as follows: 

o drill-*-student responds quickly to brief items or 
questions, much like traditional "flash cards"; 

o „ practice-- student answers more complex questions which may 
require more extensive interaction with the con^uter* 

o tutorial — textual materials and questions are presented to 
the student, and frequently uses branching based upon the 
student 9 s response; 

o simulation—models a portion of reality and allows the 
student to experience the interaction of complex events; 

^ o problem solving— student applies principles and rules to 

various situations. 

Studies included in this report are primarily limited to elementary 

and secondary education, but basic skills applications of CAI in higher 

■education are also included because of their relevance for younger 

students who have not arrived at the needed level of competency. 

This review of research will present evidence relati.a to the 
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effectiveness of CAIon student achievement, motivation and attitude 
toward CAI, retention of material, comparisons of time to ie^n subject 
matter , and teacher-student interaction • 

Computer-rmanaged instruction (CMI) and the teaching of programming or 
computer science are not included unless a CAI component is evident, CMI 
is differentiated from CAI *in that the computer is used for tasks such 
as: *<*gnosing, assigning, routing the student through the curriculum, 
progress evaU *ion of related record keeping, 

METHODOLOGY 

Relevant literature dealing with effectiveness of CAI i as located in 
several ways. The Educational Resources Information Center (ERIC) data 
base was searched using a variety of descriptors, and yielded many 
documents which would otherwise have been unavailable. The Education 
Index was used to identify relevant material published in the last three 
years.* A search was also made of the Dissertation Abstracts 
International to locate recent doctoral dissertations which explored 
aspects of CAI. Other sources such as educational journals were scanned 
and a telephone survey of key individuals with CAI experience was 
Cv cted. 

Even though more than 100 studies *«re examined, uscble results of 
the review were l*ss th i anticipated. This was due to several reasons: 
(1) some potentially valuable research projects are currently underlay, 
but do not yet have any data available; (2) the literature lags behind 
research by several months; (3) studies done by cotoercial suppliers of 
courseware are not included in this report; (4) the largest problem, 
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however, is that many of the rtudies located were not usable because they 
did not apply accepted research techniques. Results and claims whose 
validity could not be verified by data within the study were not 
included. Many studies indicated positive remits from CAI, but did not 
use other groups of students for comparison. These studies cannot answer 
questions about the relative efficiency of CAI as compared to other types 
of instruction. Student achievement data from such studies are not 
included in this report. Furthermore, the evidence of effectiveness has 
not been reported unless ths likelihood of the results being due to 
chance is lesft than one in twenty. 



SURVEY RESULTS 
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STUDENT ACHIEVEMENT IN GENERAL 

Several previous literature reviews (Jamison, Suppes, and Wells 
(1974); Edwards, Norton, Taylor, Weiss, * and Van Dusseldorp (1975); and 
Thomas (1979)) examined stud5- on the effectiveness of CAI in student 
achievement. 

Edwards et al. (1975) reported that all studies examined showed that 
normal instruction supplemented with CAI was more effective than normal 
instruction alone. When CAI was substituted, in whole or in part, for 
traditional instruction, studies were almost evenly divided .as whether 
students receiving CAI achieved more or about the same as non-CAI 
students. When different types of CAI were compared, mixed results were 
observed between increased achievement and no difference for CAI and 
non-CAI students. Edwa^s et al. (1975) also reported that CAI was * 
equally effective whjen compared to individual tutoring, language 
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laboratory, and various madia, such as programming instruction and 
films trips. 

Thomas reviewed over thirty studies in a variety of disciplines which 
were related to the effect of CAI on achievement. Four studies showed 
approximately equal results for CAI and other erodes of instruction; one 
study showed negative results (a beginning typewriting course). The 
other sources reported positive results with the use of CXI in basic 



■athematics, language arta# reeding, carter information, biology, ulgebra 
and physics. Drill, practice, simulation, tutorial, and problem solving 
types of CAI were all included* 



Jamison et ul. (1974) summarized the results of several studies 
dealing wi*:h applications of CAI to the teaching of reading, where it was 
shown to be an effective supplement to regular instruction. This was 
especially true with CAI drill and practice for students who start below 
grade level. 

Tvo studies reported by Jamison et al. (1974) indicated that CAI 



tutorial programs in first grade beginning reading resulted in comparable 
scores for boys and girls* This is an important finding since boys, on 
the average, do not show an initial reading achievement levip. equivalent 
to that of girls. Litman (1977) analyzed the results for fourth through 
sixth grade students, and reported that after one year fourth and fifth 
grade males receiving CAI drill and praqtice scored significantly higher 
than non-CAI malms. Anelli (1978), however, found that disadvantaged 
third and fourth grade girls gained more than boys. 

Results of a three-year project for supplementary CAI in selected 
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-Title 1 schools in the Los Angeles Unified School District were reported 
by Ragosta, Jamison, Juhnke, Woodson, and Holland (1980)* Students were 
pre-teated at the beginning of fourth grade and post-tested at the end of 
the sixth grade. The CAI students received three drill and practice 
applications from Computer Curriculum Corporation (CCC) in different 
combinations: mathematics, reading and languace. h control group of 
students received no CAI. Students who used all three curricula scored 
significantly^ higher gains on the vocabulary subtest of the California 
Test of Basic Skills (CTBS) than did the control groi^>. 

At the end of the sixth grade, the same students were also given 
tests to measure specific material covered in the fourth, fifth, and 
sixth grade curricula. Those who worked with CAI mathematics, but 
neither reading nor language arts, scored significantly .lower on one 
section of the reading test, giving added credence to conclusions that 
CAI in reading and language arts did have positive effects. Ragosta et 
al. report that language arts scd*es, more than reading scores, were 
improved by using the reading and language arts curricula. 

A parochial junior high school CAI project, conducted over a 
three-year period in an inner city section of New York City was reported 
fey Wilkinson (1979). Students were predominantly black or Hispanic. 
Those receiving CAI scored significantly higher on the reading portion of 
the SRA Achievement Test than students in a traditional program. 

Similar results were reported by Mravetz (1980) for rural, Caucasian 
junior high students who were reading at least one year below actual 
grade level. CAI student* scored significantly higher on reading 
achievement than did comparable students having the same teacher. 
] Maser, Johnson and Davis (1977) determined that CAI drill and 
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practice in basic skills was an extremely viable method for raising basic 
skills performance levels when used to supplement good teaching. Two 



school districts (Highland District, Seattle, Washington and Ft. Worth 
Independent School District, Texas) used CCC courseware^for Title I 
reading and language arts, and reported gains in excess of one month for 
each month spent in the program. Participants in the three-year project 
were Title I students in grades two through nine. Lysiak, Wallace, and 
Evans (1976) reported that supplementary CAI generally increased 
vocabulary and reading scores in grades 3-7* 



Maser et? al. (1977) discoversd that the objective of one month's gain 



also reached when using a Hewlett-Packard mathematics CAI program. 
Lysiak ft al. (1976) reported mixed results for CCC mathematics materials 
in grades 3-5, but indicated that middls school CAI students generally 
achieved more than control group students. Ragosta et al. (1980) 
reported that students who had received the CCC mathematics curriculum in 
grades 4-6 scored significantly higher on a curriculum-specif ic math test 
than did the control groig>. Wilkinson (1979) indicated that CAI students 
scored significantly higher on the SRA Achievement Test in mathematics. 

Wells, Whelchel, and Jamison (1974) reported significant gains in 
mathematics (about one-third year higher than non-participants) for 
disadvantaged fifth and sixth graders in a Northern Califoirnia black 
community. More frequent CAI experience led to higher gains. Because 
particpants were in their second ye r of CAI, the novelty of using 
computers could not be used to explain the results. 
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Fourth and fifth graders in San Diego^ho received CAI in mathematics 


- 


• 


scored higher than a control group bn a district-made 




• 


criterion-referenced test. Similar results were also obtained on a 






standardised norm-referenced mathematics test (Mills, 1979), 






4 

Romero (1980) conducted a controlled study of CAI with middle school 






mathematics students who scored below average on the Metropolitan 






Advanced Mathematics Test Series. The group which used the CAI 






mathematixs laboratory gained significantly more in mathematics 






achievement than did students with tonly traditional instruction. 






CAI drill and practice proved superior to workbooks in helping 




* 


increase computational ability for remedial ninth, tenth, and eleventh 






grade students in a study conducted by Modisett (1930) • Vincent (1?77, 






1979) found that EMR high school students using CAI for mathematics drill 






and practice achieved more than other EMR students. 






Habermtn (1977) studied the effects of CAI on emotionally and 






socially disturbed children who had been excluded from their regular 






classrooms* After two months, the CAI group had gained significantly 






more in grade equivalent than the control group. 






A tutorial approach in algebra was reported by Pachter (1979). The 






CAI group was wore successful in factoring second degree polynomials than 






the control group. 






Other Subjects 






Although the literature contains descriptions of many uses of CM 






simulations in various social studies courses, few research results are 






reported. In one available study, Wilkinson (1979), found higher scores 






in social studies for junior high students who received supplementary CAI. 

** 
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Dunkum (1979) found no difference in achievement when physics 
lectures were supplemented with computer simulations. Howefver, it was 
discovered that teacher verbal dominance of the classroom decreased, 
student responsiveness ind participation^icre^sed, and teacher 
receptiveness to student statements increased. * 

Several attempts have been made to present career information and 
guidance with CAI systems. Central Texas College (1973) combined 
tutorial CAI and videotape for eighth grade students in a Dallas middle 
school who were two or more years below grade level in reading on the 
CTBS. Baphasis was on Spanieh-sumamed students, but learning increases 
were evenly distributed among blacks, Anglos, and Mexican-Americans with 
black females showing the largest gains* 

In another study, high school sod home res who used a computer-assisted 

-I 

career guidance system scored significantly higher on all areas of 
vocational maturity as measured by Career Development Inventory (Drake, 
-1978). Cassie (1976) also found that a CAI guidance information system 
increased career maturity attitude. 

CAI has been used to teach the f undamentals o£ foreign languages. 
One study found no significant difference in achievement between a CAI 
grovp and a control group of high school sophomores studying beginning 
French. McEwen and Robinson (1976) point out the efficiency of CAI, 
however, since the CAI students spent 30 hours less in instruction. 
Another study involved beginning German at the college *ovel. In a 
carefully controlled study at the Air Force Academy, Schaeffer (1979) 
observed that certain types of CAI drill and practice produced results in 
semantic meaning which war* SMperior to the control group. 




The preponderance of data indicates that CAI can be an effective 
means of supplementing regular classroom instruction. Most studies deal 
with reading, language arts, and mathematics skills, but the few reported 

studies in other subject fields also indicate the effectiveness of CAI 

j 

instruction. 

u 

ATTITUDE/MOTIVATION 

How will students react to using computers? Will teachers object to 
working with an electronic machine? The answers to these and similar 
questions are important considerations when deciding whether or not to 
use computers in instruction. The problem is that attitudes toward a 
class, subject, teacher, or school have been measured in a definitive 
manner even less frequently than has achievement. 

Thomas (1979) found ten studies to review at the elementary and 
secondary levels. Those studies indicated that CAI students have either 
the same or a more positive attitude toward the instructional situation. 

More recent studies of attitudes toward CAI follow the same pattern. 
Ragosta et al. (1980) raport that fourth, fifth, and sixth grade students 
were enthusiastic toward CAI and complained if a CAI lesson was 
cancelled. Teachers were positive about the addition of CAI to the 
curriculum. In addition to academic achievement, the computer helped to 
provide a certain type of discipline; students were aware that good 
concentration ^elped to improve their scores. Students with short 

attention spans found the short problems and immediate feedback to be 
valuable. 

How do students react when they discover that part of their 
instruction will use computers? Beck (1979b) studied reactions of high 
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school students with no previous computer experience who were told at the 
beginning of the course that they would be using a computer for portions 
of American History, Algebra I, and Computer Science. Computer Science 
students were significantly more positive toward CAI than students in 
American History, with Algebra I students in the middle. Nothing was 
mentioned about thow these pre-attitudes correlated with achievements in 
the courses. 

Maser et al. (1977) reported a high level of satisfaction from 
students, parents, participating teachers, and the faculty in general 
throughout grades 2-9. 

Mravetx (1980) found no difference in self -concept between students 
who used CAI and those who did not, but results showed that CAI students 
shifted theii levels of aspiration toward more realistic learning 
choices. Improved attitudes of individual responsibility ar.d realistic 
decisions for learning were attributed to encouragement given by the CAI 
process. 

The *ost thorough study available of attitudes developing from the 
instructonal use of computers was done by Deblassio (1978). 1 
Three-fourths of the students in advanced ' school mathematics thought 
that the computer helped them to learn and nearly 90 percent thought 
using a computer was a favorable experience. Significant differences 
were found in personal characteristics between the students who were most 
favorable toward using a computer and those who were least favorable. 
The students most favorable were: 

o favorable toward the overall instructional setting; 
o high achievers in mathematics; 
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o above average in their liking of problems involving 
original, thinking; 

o abpve average in their amount of vigor. 

Students who disliked using the computer were: 

o unfavorable toward the overall instructional setting; 

o average in their ,liking of problems involving original 
thinking * 

o average in. their amount of vigor 

o likely to be more cautious jmd anxious than students who 
liked using the computer. 

♦ 

Casner (1977) explored the reactions of urbaf| eighth graders to CAI 
in mathematics. No significant differences in altitude toward 
mathematics betwen CAI and traditional instruction were"shown by females, 
but males in CAI classes were: 

o ! less frightened by mathematics problems ; 

o less nervous at the prospect of having to do math problems; 

o less likely to dread mathematics class; 

o more likely to consider mathematics as fun. 
Menis, Snyder, ^and Ben Kahan (1980) used CAI in tenth grade algebra 
with low achieving students who disliked mathematics. Not only did the 
CAI students improve* their mathematics grades, but became less likely 
than the control group to report negative attitudes about mathematics and 
a variety of school-related issues at the end of the year. 

Smith and Hess Q972) reported that CAI helped to promote the 
formation of realistic attitudes toward self- appraisal of junior high 
students* abilities in mathematics. Participants were predominantly 
Mexican-Americans who were initially two-to-three years below grade level 
in mathematics* 

Compared to students in ordinary classes/ Romero {1980} found 
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positive shifts in student interest, conduct, and behavior patterns for 
low achievers in middle school mathematics who had CAI. 

Vincent (197 7, 1979) concluded that EMR higi. school students who had 
CAI in mathematics and reading had a more positive attituae toward those 
subjects than similar students without CAI. 

Beck (1979a) reported student attitudes toward CAI in a sample of 
Nebraska high schools* Predominant usage was in computer science, 
mathematics, and various nciences. Females were significantly higher in 
attitude toward CAI. Attitude toward CAI was found to be related to 
certain personality trriCs of the student. Students who were more 
self-directed tended to be more favorable toward CAI* 

Middle school students who were given career informal >n by CAI and 
videotape Ijid a positive attitude toward the experience (Central Texas 
College, 1973)* Class attendance was higher for the CAI group, and 
students were enthusiastic toward the immediate feedback received from 
CAI. 

Taylor (1979} surveyed students who received CAI in beginning 
Gerdtan. A large majority thought of the computer as their private 
tutor. Eighty-six percent of the students agreed that the grammar 
learned in clas* was reinforced by the CAI explanations. 

* few studies, such as Anelli (1978), report that enthusiasm was 
extremely high for CAI, but leveled off after either a long or short 
experience. Howe***r, meat of these studies fail to indicate any hard 
data <Apon which these decisions were bwed. On the other hand, wdlls et 
al. (1974) found that elementary students in t* *ir second year of CAI 
were enthusiastic about the experience. Smith and Hess (1972) found no 
difference in the pattern of results between students in their second 
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successive year of CAI and those experiencing it for the first time. 
Many other studies and reports indicate that students had positive 
attitudes about CAI, but do not indicate how this conclusion was 
determined. 



TIME REDUCTION ^ 

Claims have been made that the use of CAI will reduce the amount of 
time needed to learn a concept. Edwards et al^ (1975) summarized nine 
studies which indicated that M students learned as much or more than 
students in trad^tioVal instruction, but that the time taken for a 
student to achieve equal results was reduced. Eight of the nine studies 
were at the elementary level. Thomas' survey of ten studies concluded 
that at both elementary and secondary le-els CAI reduces the amount of 
time required for a student to complete a unit. 

Current literature contains many references to the time saving 
benefit of CAI, but only one report of research at the elementary and 
se-ondary levels was located which documented the time savings. McEwen 
and Robinson (1976) reported that beginning Frenc » students 'ho recexve'd 
CAI spent about 30 less hours in classroom instruction, out achieved at 
the same level. 

RETENTION OF M* TERIAL 

Impressive results which attest to the effectivenss of CAI have been 
described. These comparisons 'Have generally been based on results 

0 

attained at the end of a certain period of instruction, what about the 
student's retention of material over a longer period of time? 
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Edwards et al. (1975) found that two of three reported studies 
indicated that CAI students retained material less well than the non-CAI 
students. Both of the studies reported by Thorns (1979) indicated 
retention of learned materials which was about the same for CAI and 
non-CAI students. Litman's study (1977) of remedial readers showed that 
males receiving CAI maintained their advantage over non-CAI males when 
retested after two years. 

As in other educational endeavors, the amount of data relating 
effects of CAI and retention ;f material is sparse. The data which do 
exist ar*» inconclusive concerning whether CAI helps students retain more 
of what ,1a learned than do students receiving traditional instruction. 

t ■ 

TEACHER-STUDENT INTERACTION 

» 

Fears have been expressed that the use of computers in the classroom 
would decrease the amount of teacher-student interaction. Three studies 
measured the interaction of teachers and students while CAI was being 
used to supplement regular instruction. Dunkum (1979) discovered that 
physics teachers lectured less, provided less negative feedback to 
students, and were more accepting of student responses th^n the same 
teachex uring c similar class without CAI. The variety of 
teacher-student interaction increased for CAI classes. Haberman (1977) 
t ! that EHR high school students using CAI did not receive as much 
teacher attentK 4 as students receiving only traditional approaches. 
Students increased their self-reliance. Romero (1980 sorted that CAI 
helped to lesson the teacher'* duties in middle school mathematics which 
led to mor. productive student-teacher interaction. 
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SUMMARY 

The data indicate that CAI which supplements traditional instruction 
is effective in increasing learning by elementary and secondary 
students. In. fact, the weight of evidence is overwhelming in favor of 
CAI- Not only has CAI been shown t contribute to higher student 
achievement, but there is evidence of positive studer*. acceptance of the 
use of caaput«rs in the classroom. Although research is sparse, it also 

4 

appears that CAI ran decrease the time required to learn subject matter. 

Unanswered questions exist relative to long-term retention pf learned 
material and teacher-student interaction. These areas have been 
jesearched more frequently at the collegiate level with generally 
positive results, but little acceptable research has been done at the 
elementary and secondary levels. 

Taken as a whole, the literature indicates that CAI is effecitve in 
helping students learn when used as a supplement to regular instruction. 
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A REVIEW OF RESEARCH' ON EFFECTIVENESS OF NON-COMPUTER 
ELECTRONIC MEDIA IN TEACHING BASIC SKILLS 

l 

-> 

This review of rmsearoh relevant to the teaching of basic skills in 
primary and secondary education focuses on educationally-releVant 
electronic media other than computer technology, specifically television 
fnd radio technology* 

The selection of media focused on in* this report excludes two 
significant new instructional technologies. First , videodisc as an 
instructional technology Is a very recent development, and no significant 
research on its effectiveness as an instructional medium has been 
published. A description of its present status is included in the "State 
of the Art in Inr* uctional Technology" section of this report. 

Second, computer managed instruction (in which the computer is used 
for such support tasks as record-keeping, diagnosing and tracking 
students) has been insufficiently researched as a technology impacting 
student achievement to allow for any conclusive assessment of its' 
effectiveness in this area. 
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METHODOLOGY 

As the main source of literature on primary and secondary level basic 
skills instruction using electronic non-computer technology, a complete 
Educational Resources Information Center (ERIC) search was made using 
over 20 descriptors to capture relevant references. The search provided 
a list of just over 100 references, of which 25 were determined to be 
direcciy relevant to primary and secondary instruction in basic skills 
using, specifically, electronic media fo? instruction. Of these, only 
nine documents were found to provide substantial research or review 
information. % 

To supplement this search, educational periodicals focusing on 
instructional technology and/or basic skills were scanned for relevant 
reports; no additional substantially informative documents were located 
in this effort. Pinally, the two literature reviews listed in the ERIC 
search were scrutinised for relevant reports no* yet Uncovered. The 
document, "Technology and Reading, An ERIC Report,- by Winkeljohann 
(1973) listed seven references, none of phich w«?re specifically related 
to either basic ak lis or electronic instructional media; the lengthy 
review -Teaching Reading with Television; A Review," by Mason and Mice 
(1978) listed 49 references, most of which related to reading readiness 
through television viewing for pre-school children and only two of which 
were judged relevant to this review. 

A recently coiqpiled annotated bibliography by Dillingofski (1979) is 
an excellent .omjMndium of the effectiveness of audio, visual, film, 
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television i and CAI in the teaching of reading* That compendium is 
briefly summarized here, and the reader is referred to the complete 
document for a more detailed treatment* 

Use of the audio (tape recordings) medium alone in the reading 
curriculum is skimpily researched* Audio corbined with printed texts 
provides effective reinfprcement for those students wx>se reading skills 
are not yet fully developed or whose motivation to read is low. Some 
Wing skills (comprehension, rate, and attention span) are improved 
through this mult i sensory approach. 

Th* area of visual media (slides and still pictures) in the reading 
program has not been extensively researched* 

^The review of research on the use of film to improve specific reading 
skills yields surprisingly few studies* No firm conclusion can be dram 
regarding learning reading sicills from film. 

A growing amount of empirical evidence is available, however, on the 
use of television to improve specific reading skills. It appears that 
commercial television programs can form the basis for teacher-developed 
lessons on spec if ic reading skills. 

Research based on^etudies of "Sesame Street" and "The JElectric 
Co^any* teems to support the position that, while the gains in reading 
readiness may not be as great as originally reported, pre-school viewers 
can make gains in severs 4 eae, particularly in letter and number 
recognition • 

Locally produced television programs and videotapes to increase 
specific reading skills produce gains in skills when the instructional 
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design of the program provides for participation, feedback, and 
transfer. Both film and television are effective for learning 
principles, concepts, and rules. 

Many questions remain to be answered regarding the effectiveness of 
television to teach specific reading skill*, particularly in the area of 
pictures vs. print vs. spoken language. 

In all, the literature on basic skills instruction for primary and 
secondary students using electronic instructional technology is, as yet, 
very sparse, with only 11 relevant studies located for thi? report, 
although reference is made to a few tangenti&lly related studies as v<?ll. 

The research reported in the relevant documents has not been closely 
evaluated from the point of view of research techniques; acceptable use 
of coherent design, data collection method and/or concluding Evaluation 
wore considered to be basic requirements met .by each of the studies 
reviewed here. 

RESEARCH REVIEW 

Television 

In the last deca-de television has been subjected to increasing 
scrutiny as a possible variable in the situation of declining SAT scores 
in reading and of increased hyperactivity among children. The current 
B*XC listing includes six reports on possible relationships between 
casual (home-based) television viewing and children's reading 
achievement. Of these, List (1978), Williams (1979), Busch (1978), and 
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Fisher (1976) report negative correlations between reading achievement 
and home television viewing. Mercer (1980)) reports such correlation for 
children in two of the six grades studied, anJ winter (1980) suggests the 
implication that major television network programming may be conditioning 
children not to read o*£ write for enjoyment or for the improvement of 
these skills* Further, Us reported by Levinsohn (1977) educators are 

K 

questioning the effect o£ the fast-paced children's television shows such 
as "Sesame Street ■ on children's attention spans, ability to resist 
distraction and ability to sit still. 

Assuming that this possible connection of television viewing tc 
reading and behavioral problems is related primarily to casually-oriented 
television programming which is not guided by curricular or instructional 
design, the medium of television is continuing to be explored as a 
potentially useful instructional technology under conditions of 
educational programming and curricular relevance* Mason (1978) cites 
several aarly studies (1950s and 1960s) investigating the effectiveness 
of -television for instructional purposes with pre-school children which 
pointed to some significant gains in reading readiness of achievement 
under specific conditions-- for example, when immediate reinforcement 
activities or feedback were provided by parent or teacher. Mason further 
cites an evaluation (not reviewed here) by Bill and Bogatz in 1973 of 
"The Electric Company" children's television series which determined 
that., in eight experiments with class?* in grades one, two, three, and 
four, classes which viewed the television series earned larger gaine in 
reading achievement scores that non-viewing classes with which they had 
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been natched. children in one-half of the target groups (i.e.. first 
graders and low-achieving aecond grader*) were noted to have made 
significantly greater gains than non-target students^ Although these 
early findings are not highly significant, they stood out a*? indications 
to educators of the potential instructional capability of television. 

While noting some of the major shortcomings in technique and 
production of available educational television programming, the more 
recent report by Levinsohn 11977) describes the positive success achieved 
by instructional television when introduced into middle-grade classrooms 
in El Salvador; the overall evaluation indicates that the 
television-class students scored from 15 to 25 percent higher on general 
ability tests than stv -nts who received no television instruction. 
Levinsohn notes that in the El Salvador instructional television 
experience and others like it where aany of the schools involved are 
rural and poor in resources, television instruction can improve and/or 
enrich the educational opportunities available to the children. 

Specifically, relevant to the teaching of basic skills, a study by 
Harvey U976) reports on the successful use of the mathematics "Infinitv 
Factory" programs developed to teach children ages 8 through 11 -otae 
basic mathematics skills of everyday life. The study using over 1000 * 
third-to-sixth graders found that the series was effective in teaching 
the math kr owle*ge and holding students' attention; it was else found 
that teachers considered the programs to be both affective and useful. 
Another study, Teachman (1978) reporcs that -Math Patrol," a primary 
level curriculum-based math program was found to be effective in 
increasing second grade children's comprehension of math and in 
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providing a high degree of motivation for students. 

Two additional reports suggest collateral implications for the use of 
television in the teaching of basic skills. In a six-week experiment 
with 253 New Jersey seventh graders, Hamilton (1976) notes that when 
given a choice of reading or not reading books related to favorite 
television programs, more students chose to read television-related books 
than non-related books. The ratio was an average of 7.54 tie-in 
(television-related) to 3.07 books not related to television. -1 Hamilton 
concludes that students will read when their interests are engaged. This 
suggests that tying readings to appropriate (and motivating) 
instructional television programs could enhance development of basic 
reading and language art3 skills. 

Further, Basemore (1978) reports on the Rand-Spartanburg Two-Way 
Cable Television Project, with its resulting success in providing 
instructon in GED and pre-GED skills. Thirty-three percent of the 
students enrolled in the GED class passed the GED exam in the spring of 
1977 as compared with 18 percent of the students in the conventional GED 
clas^, and 20 percent of the television class dropped out as compared to 
a 37 percent drop-out rate for the conventional class. Although the 
numbers of students involved in this project were small (10 in the 
television class and 22 in the conventional class) the results still have 
a comparative signficance, especially when the surrounding community 
(with 62 percent of its adults over 25 years lacking high school 
education) is taken into consideration. This project, utilizing with 
success the two-way capability of recent television technology, 
highlights another promising aspect of television in basic skills 




instructional application! the interactive capability of such 
programming can provide the student participation which educators have 
long considered highly important in learning and retention—for example, 
Levinsohn (1977). 

Radio 

In his 1975 paper "Instructional Radio: An International 
Perspective" Theroux provides a supportive review of radio-based 
instructional programs used in a variety of countries including the 
United States. He concludes that the characteristics of relatively low 
cost, effectiveness of instructional format at least equivalent to 
traditional instruction, and the availability of radios make thxs 
technology a higl ly viable medium for instruction. Included in Theroux 1 s 
paper is a description of the outstanding recent project involving radios 
in ,*struction: the Nicaraguan Project. 

Suppes (1978) reports in detail on the successful use of 
instructional radio to teach primary school mathe-ntics in rural 
Nicaragua. This carefully designed and controlled project resulted in an 
impressive accomplishment t radio class students achieved a mean 
post-test item score approximately 25 percentage points higher than the 
mean item score for the control group. Among the many important aspects 
to the instructional format, two particular features are important to 
point out in view of preceding observations noted in thl* report: 
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aaphasis was given in this project to the active 
participation by children prior to, during, and after the 
tl dio lessons* 

Feedback in the form of correct antwers was immediately 
provided in the radio lessons. 
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FUTURE TRENDS AND POTENTIAL 0^ TECHNOLOGY 



IN BASIC SKILLS INSTRUCTION 



WHAT IS HEEDED 

Instruction and remediation in the basic skills can be accomplished 
effectively with the art of technology* Never before has such an array 
of , instructional delivery alternatives been available to educators. If 
we were to list some of the characterises of an "ideal" delivery system 
for basic skills instruction (aside from warm, caring, patient* human 
teachers with time to tutor eafch child individually), we would include 
the following: 

o Careful instructional design, incorporating an entry level 
skills test, specified student outcomes, and performance 
criteria/ 

o Diagnostic and error analysis capabilities 

c Automatic record keeping for each child and group 

o Adaptability to a child's indi *ual learning style and rate 

o Full array of appropriate visual stimuli 

c Capability of providing auditory stimuli 

o Ability to maintain a high level cf student in vement, 
interest, ar\d motivation 

o Fully interactive 

o Reinforcement provided for correct response; impartial, 
K patient and unemotional feedback provided for incorrect 
response 

The new technologies allow us to achieve all of these requisites and 
more; they allow us t,-> actively engage the child in learning* for longer 
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and longer periods of time, freeing the teacher for a new role as a 
manager of instruction -and for working as tutors with individual students. 

Future trends in instructional technology are based on two . 
revolutionary developments: the increasingly inexpensive 'microcomputer 
with its television screen display, and the use of telecommunications to 
interconnect computers with each other and with data bases of information 
and software. The coupling of the videodir- with the microcomputer adds 
a rich dimension to this capability. 

Technological systems for remediation of basic skills will take 
advantage of these capabilities in the rSf^g future. Beyond that, 
however, there are tremendous implications for the entire institutional 
structure of education, some educators (Melmed, 1980; Bork, 1979 J 
suggest that a radical restructuring of schooling is not only newl^ 
possible but probable in the 1990s, with education taking place in the 
home, library, and work place rather than exclusively jn the school. 

The "ideal" system for basic sk j remediation would include a 

microcomputer with diskette and color television screen, interfaced to 

one or both of the following; 

!• A telecommunications network giving access to basic skills' 
courseware stored on large computer systems at otner sites, 
^ and downloaded to the user's microcomputer for local 
% delivery of instruction. 

2. A videcdisc unit storing courseware in the form of CAI 
programs, still pictures and video and audio segments. 

The system would keep progress records on each child, diagnose and 

prescribe, adjust jto each child's learning rate and style, and provide 

constant interaction, feedback, and reinforcement. The visual and 

auditory capabilities of the computer/videodisc would be used 

appropriately in providing basic skills remediation. 
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A significant implication of the scenario described above is the 
effort and resources that must go into instructional design to take full 
advantage of the technology in meeting the needs of the learners. 
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THE "INCREDIBLE COMPUTER" 

Inside Education * New York^State Education Department. 
Vol. 67, No. 4, January-February, 1981 

While advances* in microelectronics make the computer more and more 
enticing, educators must learn to use it well if the computer is to 
fulfill its promise. 

"This instrument can teach, it can illuminate: yes, it can even 
inspire. But it can <k> so only to the extent that humans are determined 
to use it to those ends. Otherwise, it is merely lights and wires in a 
box.- N 

Edward R. Murrow said that,* not about the computer, but about his 
favorite subject, television. He said it in 1958, when the computer was 
still a vacuum tube baby, larger than the average living room and 
probably 100 times more expensive than the furniture. 

With help from the transistor and the silicon chip, the computer 
gtew, over the next 20 years, into a darling of microelectronics. From 
the size of a bus to the size of a typewriter', from hundreds of thousands 
of dollacs to a thousand or less, the computer turned into a genius that 
would fit into the homes and the budgets of ordinary people. 

It also fit more easily into classrooms and school budgets. From a 
parting point of zero when microcomputers were first introduced four 
years ago, these are now more than 7,000 of them in New York State 
schools* 



Published by New York State Education Depa* nt. Albany, New York, 
1981. Reprinted by permission. 
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Astonishing growth* . . 

Yet without the skill and determination to tap its potential, the 
'sophisticated computer of the 198(lKs, like the television set, is stiU 
nothing more than an electronic bauble* And, there is good reason to 
doubt that its mere proliferation will produce widespread, long-terra 
gains for education. 

As with most things, one of the chief barriers is cdst: 1 

o The cost, first of all, of training teachers and 
administrators to use the computer well* 

o The cost of quality courseware. While the microcomputer 
brought the initial investment for computers within the 
reach of most school districts, developing quality 
courseware — the programs that run the machines and help 
teacK the students— is stUl expensive and likely to remain 
so* Because computer use is on the increase, demand for 
courseware also is on the increase and there are still 
relatively few people with the skilla to do it well. 

* 

o The cost of maintaining and updating equipment as well as 
courseware, both of which become outdated rapidly. For 
example, the most powerful computer in use today, capable 
of 80 million operations per second, will be obsolete — a 
candidate for the junk pile — within five years. 

Unfortunately # all of these costs come at * time when financial 
resources for schools are on the decline and pressures to iustify new as 
well as old programs are intense. 

In testimony before the State Senate Education Committee this 

February, Education Commissioner Gordon M. Ambach emphasized the need for 

statewide support and coordination of computer efforts to make them pay 

off. Without that support and coordination, he said: 

Thousands of computers probably will be bought by school 
districts. Host will be bought by the more affluent districts 
where parents will demand the "best" and the "latest* for their 
children. ... 

Some districts will use them well. Host will find that 
acquiring quality courseware, maintaining teacher skills and 
enthusiasm, and maintaining and replacing equipment will be too 
costly on an on-going basis. 
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Instructional materials will not live up to expectations 
because, with each school district buying on its own, no 
(single) producer will be willing to invest the funds necessary 
to produce quality materials. 

While schools struggle to make as good use as they dan of 
computers, home and workplace uses will grow. As with 
television, computers will then influence education more by how 
they are used outside of schools than how they are used within 
them. 

* 

If used well, however, computers and education can have a mutually 
advantageous relationship. 

What better institution is tnere, for example, to provide computer 
skills on a broad scale? Industry may provide those skills to some, but 
what about the countless others who oould benefit? And what about those 
who, without the needed skills, will be "illiterates" in the fast-moving, 
computer-based "information society" sociologists predict for the coming 
decades? ■ 

The speed of development in computer technology, and its complexity, 
threaten to divide people into "technocrats" and "techno/p^psants, " those 
who can keep up with change (and, thus, to a cectajLa^xtent control it), 
and those who cannot. Education has an obvious mission to close the gap. 

Just to give one sm«il example of the educational implications of the 
computer: The last time you bought a meal at one of those fast-food 
restaurants, a computer probably recorded the price of each item, added 
up the bill, computed the tax and printed the receipt. While at first 
blush you may wonder what that does for basic math skills, the U.S. 
Institute of Electrical and Computer Engineers estimates that there are 
half a million programmers in this country now working on computer 
systems like that. By 1985, the Institute estimates that industry will 
need 2.5 million programmers— with highly developed math skills-- to work 
on similar systems. 
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Who will train them? 

"For the first tiiqe, we have the chance to be in on the leading edge 
of technology," says Gary Becker, director of educational conmuni cations 
for *ayetteville-Manlius Schools and an edjunct professor of 
comunicatioos for Syracuse University, 

One thing is for sure, use of the computer Is going to grow, 
with or without us. We can either promote its proper and 
healthy growth, and help our kids deal with it, or we can 
ignore it. 

The real world out there will want the skills, and if it can't 
find then in the traditional school system, it will find them 
someplace else: 

Beyond implications for the job market, the computer has the 
potential to change education itself. As Murrow put the case for 
television, the computer can teach, illuminate and inspire. 

In the hands of a teacher who knows how to use it, the computer can 
support almost any educational goal. For the gifted and talented, the 
computer can simulate normally put-of -reach worlds and provide a way to 
change them experimentally. For the handicapped, the computer can 
provide a way to control the heretofore uncontrollable, 1jts a classroom 
manager, the computer can help teachers test and drill students and keep 
records in far more detail—and with far less effort—than ever before. 
And for administrators at all levels, the computer can help manage the 
business of education, 

> 

One of the great strengths of computer learning is that it is * 
interactive. When programmed well ^or drill, practice and testing, the 
computer can respond to and guide students with a great deal of skill. 
Rather than depersonalizing education, as some people fear, the computer 
actually can add more effective human contact by freeing the teacher from 
the mundane tasks of education to zero in on the needs of individuals. 
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The greatest strength of the^'computer , however, lies beyond drill and 

practice, when students and teachers teach the computer— wr ite programs 

/ 

for it— and, then in the words of Thomas Dwy^r, a professor of computer 
science at the University of Pitts'- h, become "codiscoverers of t.uth." 

"We hay% found," says Dwyer, . . several National Science 

Foundation projects on ways to link computer instruction with the high 
school curriculum, "that computing, in the hands of well-supported 
teachers and students, can be an agent for catalyzing educational 
accomplishment of a kind that is without precedent. We believe that 
there has simply been no other tool like it in the history c education." 

Undoubtedly, the computer's potential to help teachers is one reason 
for its sudden proliferation in schools. 

Linked with other technological innovations, the possibilities seem 
endless. For example, when linked with the laser disc— a kind of light 
recording that is cheap to produce, capable of storing large amounts of 
information and now becoming widely available for uce with common 

> 

television sets—dramatic reenactment of material is possible, along with 
testing, tutoring ejjd record keeping capabilities. 

Linked with the»|fih-button telephone, the computer has the ability 
to call a student at night, give homework questions bised on results of 
work done in the classroom that lay, and receive answers. 

Linked through acoustic couplers to common telephone lines, computers 
can "talk" to one another, allowing small computers to tap the capacity 
of larger ones and opening up vast information networks. 

To be sure, the day of space-age L^rning at home in front of a 
television console-only a futurist's pipe-d.eam a few years ago-is - - 
close at hand. . 



The critical question at this point, however , is not what the 



technology can do, but how we can most effectively organize to make the 
most of its capabilities. 

Here are some suggestions: 

o There must be more communication among individual users of 
the technology so that what ha« been done "ell in one part 
of the state or nation can be shared with those who have 
similar needs. This year for the first time, SED has 
required that the 44 BOOBS in the state develop long-range 
plans for computer use in cooperation with local school * 
districts. While there is some evidence that BOCES and 
districts already share information, it occurs largely on 
an ad hoc basis and there is a lot of room for improvement. 

o There must be a system for assessing grass roots 

courseware. With the rise of mini- and microcomputers, 
teachers and students now are able to produce their own 
courseware. Some of it is good and warrants wider 
distribution, but there must be a way to determine the 
merit and applicability of locally produced work, 

o There must be systematic cooperation in the purchase of 
commercially produced courseware. Such a system could be 
similar to th* one now used to acquire commercially 
produced instructional films. Under that system* stoiiool 
district representations, working through BOCES, decide 
which films they need* the state then negotiates for the 
rights to reproduce the films cuT^tde^tape and distributes 
the tapes. Because many districts participate, the cost of 
acquisition has been reduced 60 to 75 percent^ \ 

o There must be a cooperative eflort to assess the benefits # 
costs and effectiveness of different hardware, technology 
and approaches. These assessments can help gui<1e , state and 
local policies. 



To help carry out these goals, the State Education Department is in 



the process of creating a Center for Instructional Uses of Computers. 

The Center will work on these specific tasks: 

o To promote compter awareness and literacy for all students 

o To promote inservico and college level training programs 
for teachers and administrators 

o to encourage development and distribution of quality 
courseware 
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o To promote shared acquisition of hardware and software 

9 

o To encourage studies on cost benefits of new techniques 
d To coordinate information on the state-of-the-art 
Despite its meteoric rise in the last 5 to 10 years, computet use 
still is in a relatively primitive state, 

•While we are at the very beginning," says Alfred Bor;, a University 
of California professor of information and computer sciences, "the pace 
will Pick up rapidly over the next 15 years. By the year 2000, the major 
way of learning at all levels and in almost all subject areas, will be 
through interactive use of computers." 

Advocates, such as Bork compare the computer with the printing press 
and point out that it was more than 200 years after the invention of the 
printing press that textbooks came into widespread use at colleges and 
universities. Those who benefited most from the printing press initially 
were those from the privileged classes who already could read. The full 
impact of the invent ion. only came after schools created a wider range of 
literate people • 

By comparison, development of the computer will be far more rapid. 
Once again, however, the critical task for schools is to develop the 
broadest possible range of people who can benefit. 
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Profiles 



PROFILES OF MICROCOMPUTER USE IN SELECTED NORTHWEST SCHOOLS 



For an <aducator who is considering implementation of some 
microcomputer -oriented application in school(s); the single most 
important piece of advice offerred by users is to plan an intensive 
on-site visit to a school or district where the application is currently 
in use if the exact impl amentation is not available, visit * site that 
is applying a closely related concept. Educators are generally willing 
to help you avoid duplicating their mistakes, 

To help you carry out that idvice, staff of Northwest Regional 
Educational Laboratory have compiled the following profiles. Each 
profile was based on a telephone interview conducted during the middle of 
October 1981, We have provided a contact name and number so that you can 
follow up on any of these examples that you wish/ The time and resources 
to do a full scale project on this have not been available, so if is 
possible that some excellent examples have been overlooked.. For this 
reason, we have provided space in tiffs section for you to add your own 
list from contacts you have made here and elsewhere. 
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MATH INSTRUCTION FOR BASIC SKILLS PROJECT (MIBS) 



CONTACT PERSON: Mrs, Dale B* Golis, Principal or 

Andy Moore , Project Coordinator 
A. B. McDor aid Elementary School 
Moscow Public Schools 
P. 0. Box 3459 
Moscow, Idaho 83843 • 
(208) 882-0228 

DESCRIPTION OF PRO^CT: 

This project, /designed to augment individualized math instruction for 
high risfc learners, wa*5 implemented in Moscow (Idaho) Public Schools 
in 1980. Special education student£**io^rades 4, 5 and 6 with math 
skill deficiencies identified through a needs assessment are eligible 
for project participation. Significant math score gains (using 
standardized pre and jx>st tests) have been noted for all groups using 
the program, especially high risk students. The project is being 
further developed to* include programs in problem solving, 
measurement, and time telling. 

HARDWARE: V 
- 6 TRS-30 with disk drives and a networker. 

1 APPLE-II plus with printer. 
A deliberate decision was made not to tie the program to one type of 
hardware. The district is anticipating much growth soon, and is 
considering a Micrc to Mini link up for computer literacy programs. 

SOFTWARE: 

Initially, staff used only commercial software from Dallas (Texas) 
ISD. However, they eventually began to develop their own programs to 
. meet specific educational needs and at present are using a 
combination of commercial and self-developed programs. 



> 



\*ERS0NREL: 

Staff were paid to attend imervice classes held after school and on 
Saturdays. Initiall/y^eachers were disinterested or fearfql, 
however, they became enthusiastic and supportive after receiving 
inservice training. The cost factor was a concern to staff until 
program costs were compared to the costs of purchasing textbooks. In 
chis context, cost became ifces of a concern. Community Response has 
been favorable. * f 



COST? 

Huring 1980 fhe project was funded through a Title IV-C developmental 
grant for $25,917. This year a Title IV-C grant for $22,000 was 
awarded for continuation of the project. 

PECOMMENDATI0NS /COMMENTS : 

Projept personnel stress that teacher familiarity with the.project is 
a critical -factor in its successful impl ementation. Teachers must be 
comfortable with the machines and program and know how to use the 
technology properly* / 
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The district encourages other interested parties to use the program. 
The commercial component may be purchased directly frow the Dallas 
ISD (Dallas, Texas). 



RESOURCES: 

Northwest Regional Educational Laboratory 
Harvard Catalogue "Microcomputer Directory' 



J 
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REMEDIAL CAI PROJECT 



CONTACT PERSON: Vern Johnson or Jay Davis, Consultant in 

Highline School District Instructional Computers 

15o75 Ambauro Blvd., S.W. (206) 433-2334 

Seattle, WA 98166 
(206) 433-2340 



ERLC 



DESCRIPTION CMP PROJECT: 

A project providing CAI to all Title I, special education anr» 
handicapped students with skill deficiencies in language arts, math, 
and reading was implemented in Highline School District three years 
ago. Impe s for the project came from a conference attended by 
staff in l^oti. At that time the district tried some low-level time 
sharing that was not successful because the response time was too 
long. In 1973-74 the Remedial CAI project wj.s funded for 3 years by 
a Title I grant and implemented in Title I schools. Success of the 
project over a three-year period has been demonstrated by student 
growth* on achievement tests. Typically, pre CAI student progress was 
.4 or .5 years growth per academic year; with CAI, student progress 
is, on the average, 1.2 years per academic year. The greatest growth 
is in grades 4-7 in language arts followed oy math and reading. At 
present, budgeting concerns place the program on hold. However, the 
districtX expects that it will expand into more use with specialized 
programs, e.g., programs for the deaf. 

HARDWARE: - 78 timesharing terminals on a "CCC 17" Lost (actually a 
Data General Nova 3) . Terminals are allocated to schools 
on a per student basis and range from 1 to 16 per school. 

- In addition there is a DEC 11/03 in the high schools for 
computer literacy/computer programming courses. 

SOFTWARE: 

1. Advantages : Royalty for software use is pa 1; any course the 

project support is available U200/terminaI) ; 
courses are comprehensive and have been field 
tested; all support is pro* ided 

2* Li n i tat ions : Fairly expensive; must arrange the non computer 

part of the programs to the software 

PERSONNEL: 

Aides, teachers and administrators were provided inservice training 
during the school year (2-4 hours during school hours at union 
request). At present, there is one project coordinator who works 1/4 
to 1/3 time. Teacher aides and parent volunteers work with students 
and keep an eye on the terminals (4 or more terminals require the 
assistance of an aide). Initially, ataft resisted the notion of CAI 
however, once they were able to see student growth, they began to 
accept its use. Intensive person-to-person contact by the 
consultant, plus faculty meetings and inservice classec made staff 
more responsive to the. project • Community support has been very 
good. The district maintains an open policy of allowing anyone to 
visit and observe the project. 
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COST; 

The project was funded for three years (1974-77) through a Title I 
grant. Since that time, the district has defrayed tne cost of the 
project. 

RECOMMENDATIONS/COMMENTS % 

1. When putting CM into a school system, develop a structured plaui 
for implementation* the program must be carefully laid out in 
advance • 

2. A CAI project must be tailored to meet the specific needs of 
each school; erne plan will not work for the entire district. 

3. It is critical that time be allocated to helping staff grow into 
the system. _ 

4. The district recommends that others try a comprehensive program 
of this nature, especially if there is not a great deal of money 
available for development of programs and staff development. 

5. The district encourages that others visit districts where CAI 
has been implemented before designing their own program. 
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COMPUTER LITERACY PROJECT 



CONTACT PERSON: 




DESCRIPTION OF PROJECT: 

A computer literacy project was implemented two years ago in ninth 
grade math classes in the fffllsboro Union High School District. 
Since that time the project has expanded to include an introductory 
course in computers for tenth grade students and two -levels of 
computer programming for students in grades eleven and twelve. 
School personnel and members of the community were responsible for 
initiating the project, and assisting in its implementation. Although 
no form*! evaluation has been conducted) teachers hav% indicated that 
the project is successful with students. An electronics/vocational 
program is currently under development. 

HARDWARE: 

(Junior High Schools) 
- 3 schools: PET 16k 
~ 1 school Apple II 

This hardware wa» purchased specifically for this project. There are 

15 micros in each building that ere rotated within the Math 
Department. They are all in use for the full day until Christmas, at 
which time they are dispersed among the math rooms and use is 
determined by each teacher. In addition, each library has one micro 
for student use full time, and the science divisions each have one 
micro for science and energy simulations. 

At the senior high school level the computer programming courses use 

16 terminals timeshared a\ the ESD. However, they are planning to 
move to .aicrocompu tiers here as well. 



Students write the r cwn programs, in addition, some software, 
including games and tape^ which provide a "walk through introduction 
to microcomputers, has been acquired. n 



Several district inservices were* provided prior to implementation of 
the project. These included one evening workshop for math teachers, 
principals and interested staff, three evening sessions for 
interested staff from gther schodls, and classes for credit on 
computer awarentess and computer app:ication. Inservice was also 
provided for office staff and secretaries. Evening classes are 
presently being developed for interested parents. 



The project, is funded totally by the District, although some Title IV 
grant funds provided the library and science machines. Expenditure 
for inservice is kept to a minimum by using the voluntary and 
enthusiastic assistance of the teachers involved. 



SOFTWARE: 



PERSONNEL: 




COST: 
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\ ADMINISTRATION AND INSTRUCTION: TOTAL PROGRAM 

V * 

CONTACT OSRSON: Jerry Larer, Director of Computer Services 

North Clackamas School District 
14211 S.E. Johnson Road 
Milwaukie, OR 97222 
(503) 653-3827 

DESCRIPTION OF #ROJECT: 

A comprehensive administrative and instructional computer project was 
implemented in North Clackamas School District in 1975 (timeshare 
since 1978; micros since 1975). The instructional component includes 
computer literacy, computer science, and a small amount of GAI. The 
administrative component includes data' collection relating to 
attendance, energy cjnsumption, new construction, personnel, work and 
service orders, scheduling, timetabling maintenance, and the 
transportation department. The project was initially funded through 
an OMEq gr^nt and student funds* Although a forn'*l evaluation has 
not 1*een conducted, the district feels the project has been 
succes^bful because it has continually grown since its inception. The 
districtUs committed to this growth and has formed an Instructional 
Computer Services Committee to monitor and upgrade all aspects of the 
project. 

HARDWARE: 

Student Use : Microcomputers; 25 Apple' It # 15 Pet* 3 TRS-80, plus 
selected others 

70 terminals timeshared on a DEC 1170 
Administrative : 37 'terminals timeshared on the DEC 1170 

SOFTWARE: 

According to district personnel, most available LAI coursework is not 
designed adequately for student use. The district has developed its 
own administrative program for attendance, energy consumption, new 
construction, personnel, work, and service orders, maintenance, and 
the transportation department. They purchased a scheduling and 
timetabling package. 

PERSONNEL: 

Evening inservice classes and workshops are provided through DCE for 
personnel involved in implementing either component of A the project. 
As an initial grass roots effort, the project met with wide staff and 
community acceptance. This support has only recently been attenuated 
due to funding problems. 

COST: 

Initially the project, including teacher training, was supported 
through a grant by OKEC A budget of $250,000 includes computer 
payment. Micros are generally purchased by individual schools, with 
contributions by PTA6. * 
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RECOMMEMDATIONS/COHMENTS : 

1. Computers are cost effective; they provide better management of 
data faster , and will not eliminate personnel. 



2. For the administrative component, simulations with staff are 
encouraged before actual runs. 

3. The district highly recommends that other districts use both 
components of the project. 

RESOURCES: 

Consultants : 



Dave Moursund (503) 686-4408 
Dick Ricketts 
Ron Tennyson 



Journals: 



Computing Teacher 
Creative Computing 
Interface Age 
5*t£ 
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HARDWARE SELECTION* PROCESS 



CONTACT PERSON? 



Wayne Neuberger 

Beavarton School District #48 

P.O. Box 200 

Beaver ton , OR 97075 



DESCRIPTION OF PROJECT: 

In 1978 Beaverton School District initiated a project that involved 
evaluating different microcomputers to be used in an educational 
setting. Administrators and teachers from all schools in the 
district were included in the hardware process. Although a formal 
evaluation of the selection prpcess has not been conducted, district 
personnel indicate that the selection process has not received any 
negative reactions from administrators, teachers, or students. The 
district is currently reviewing instructional needs and may be 
purchasing additional equipment for specific instructional purposes 

HARDWARE: 

Each school evaluated a different microcomputer for one year — the 
result was a recommendation to standardize to a single system. There 
are presently 75 micros in use throughout the district in both 
secondary and elementary schools. Ten terminals are, on tiraeshare 
through the ESD. Schools vary according to use time, ranging from 
"some idle time? %o 100 percent usage. Within the district, 
student/machine ratio is 300:1; however, micros are predominantly 
used with large groups (regular class or remedial) for CAi where the 
ratio is 25-30:1. 

SOFTWARE: 

The only software aspect of this process was that the language of the 
machine was a consideration. % 

PERSONNEL: 

District inservices classes were held to inform staff about the use 
of microcomputers in education. These included district-wide classes 
^nd school-site classes, conducted after school hours. Staff and 
* community interest have generated continued support of the project. 

COSt: 

The project was funded in part through the regular allocation of 
district funds. In addition, some funding. was provided by parent 
groups and student body funds. The district has been able to reduce 
costs because of large scale purchases. 
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REC0H4ENDAT IONS /COMMENTS : 

1. If a district has limited funds and wishes to expand, it is 
essential to purchase a standard machane. 

2. _ Since elementary and secondary needs are different, a two-level 

decision piocess is encouraged. 

3. The district has devised a checklist that is available to other 
districts* 

4. when making a hardware selection decision, it is important to 
consider the purposes of the hardware* 
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COMPUTER LITERACY PROJECT 




CONTACT PERSON: 



Linda Malone, Director of Computer Literacy Program 

Bush Schools 

405 36th Avenue East 

Seattle, WA 98112 

(206) 322-7978 



DESCRIPTION OF PROJECT: 

In 1976, a computer literacy program for grades -K-12 was implemented 
in Bush Schools, The program was initially on teletypes timeshared 
to a mainframe, but has since been transferred to Datageneral Nova 
Mini and 7 terminals. Although the project was designed for use with 
a regular curriculum, it may also be used with a gifted program. The 
project includes programs in the following academic areas: math 
(problem solving), science (simulations), and P.E. (training 
needs/nutritional needs). The computer program is compulsory for 
students in Gfade 8. A formal evaluation of the project has not been 
conducted, however, student and parent response have been favorable. 
The computer is in continual use and has become integrated into the 
school curriculum. 

HARDWARE: 

7 terminals on a Datageneral Nova 7 Minicomputer. This configuration 
is being phased -out in favor of 9 TRS-8G Model I microcomputers 
networked together and one TRS-80 Colour Computer. 

SOFTWARE: , 

, Because software did not exist for the machine, the school had to 
develop its own to meet specific needs. While this has been seen as 
an advantage, it also creates a problem because programming is so 
time-consuming. In addition, there are not enough graphics for each 
program to be considered complete. 

PERSONNEL: 

Inpervice training and summer workshops were offered to school staff 
and other interested teachers by the district computer staff* In 
addition, the computer staff (two half-time teachers) continue to 
offer their expertise on a one-to-one basis. .This service has 
attenuated the initial "computer fear" experienced by many teachers. 
Administrators are verysupportive of the project and have encouraged 
staff computer awareness. Their support has helped to integrate the 
computer into the regular school mainstream. 

COST: 

A grant plus a family gift provided the initial funding for the 
project. The project is currently funded through allocations from 
the district operating budget. Additional costs include: hardware 
(printer), supplies, student operators and ft^ogrammers. 
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RECOMKENDATIONS/COMMKNTS : 

1. Staff inservice training is critical for increasing computer 
awareness and knowledge and for reducing staff computer fear. 

2. Before acquiring hardware it is important that the district 
and/or school develop specific project goals and objectives, 

3. Staff should be trained as computer staff to avoid making the 
program dependent on one person. 5 

4. Thi3 project is recommended for use as a broad-based computer 
literacy program. 

5. This project is currently available through Creative 

Pu blications. The curriculum is not y#t a docuir^nt for 
publication or purchase* however, the district encourages visits 
- from interested parties. 

RESOURCES': 

Computing Teacher 
Byte 

Creative Computing 

Academic Computing Center, University of Washington 
NWREL 

Dave Hour sand (503) 686-4408 
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BASIC SKILLS (EDUCATIONALLY DISADVANTAGED) PROJECT 



CONTACT PERSON: Cliff Winkler 

Medford School District 
Modford, Oregon 
(503) 776-8649 



DESCRIPTION Or PROJECT: 

In 1971 the Medford School District implemented a Title I "Multiple 
Attack on Educational Disadvantaged" project for students deficient 
in basic skills. Students scoring belt^w the 29th percentile on the 
Stanford or Iowa Test of Basic Skills are eligible for the 
comprehensive Basic Skills program. Micros are used to augment 
regular instruction. One component of the project is CAI and 
includes both commercial and district-developed software farllls and 
games) in reading, math, and language concepts. The district will be 
converting to Compucolor. Success of the project has been 
demonstrated by student growth on achievement tests. The district 
has been able to document that a student must have a minimum of 14 
hours per year in the project to succeed. They have identified 
certain problems tfiat make the system difficult to maintain at a 
satisfactory ljvel: manpower shortage and rapid hardware changes. 
They feel that advances in the field will not be made until micros 
are related to video discs* people will then buy either courses or a 
particular system. At present, the rapidly changing hardware 
preclude a project from keeping up-to-date. 

HARDWARE: 

Initially an HP 22000 miri supporting 90 timeshared erminals. 
In addition: 30 Compucolor Microcomputer and 4 or b Ohio 
Scientific, with a smattering of other micros— North Star, Apple 

SOFTWARE: 

The district invites anyone to use the software they have developed. 
They note, however, that a limitation may be the HP Basic language. 

PERSONNEL! 

Staff are self-trained. They started on HP and graduated to micros. 
Response to the use of computers has been favorable because staff 
have recognized the ortance of computers. 

COST: 

The project has been funded through the district and a Title I grant. 
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RECOMMENDATIONS /CCMfENTS j 

1. Use of computers is effective for remedial education if skills 
are broken down to the lowest level and a program is develop 
which builds upon those skills. 

2. CAI works if students are placed in the program for a reasonable 
period of time. 

3. Teachers must be well organised when using the program. 

4. The district encourages others interested in using the program 
to wait 2 or 3 years before they develop their own systems. 

5. New goals for the district include: teachers evaluating their 
work on computer and teachers using CMI. 

6. At presents the project's documentation is poor; it was not 
designed for publication. Therefore, interested parties are 
encouraged to observe the system, and if they have an HP system, 
they can get a copy of Bedford's tape. 
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EDUCATIONALLY DISADVANTAGED (TITLE I) PROJECT: MOTI LAB 

CONTACT PERSON: Michael Grice 

Ockley Green Element xty School 
531 S.E. 14th Street 
Portland, Oregon 97214 
(503) 232-9134 

DESCRIPTION OF PROJECT: 

A computer -managed multi-media p; -ect designed by thfe Prescription 
Learning Company to remediate basic skill deficiencies in fading and 
math at Grades 6-8 was implemented at Ockley Green Elementary School 
in September 1981. Students scoring two years below grade level in 
4 reading and mathematics were selected to participate in the project. 
Students are first tested and then receive a written prescription via 
a computerized system for remediating specific skill deficiencies. 
Response to the project has been favorable , although problems have 
been noted with CCC (e.g.* students become bored with the 
repetitiveness of stories) . The district is presently considering 
developing a computet literacy project. 

HARDWARES 

MDTI LAB: Student-management system is on a ^et CB/M 2001 with 

2 disks and a printer 
Computer Programming: 1 TRS-80 Mod I on which students can sign up . * 

tot 15-minute time periods 

SOFTWARE: 

Software is multi-media oriented and multi-cultural, its main 
limitation is that the actual content of the reading program is very 
neutral; it could L^e much more informational. \ 

PERSONNEL: N 
Training for the HOTI LAB, including programming, was provided byHhe 
cofljpany. Additional training was necessary for the CCC system. 
Initially there was some jealousy among teachers toward MOT! LAB 
teachers because of toe Lab's popularity with.- students. However, 
this has dissipated. 

COST: ^ 
The project was funded through a Title I grant. 
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RBCQMMKNDATI0NS/CXM4EOTS : 

1* Micro labs provide motivation for staff and students, thereby 
enhancing the school image. 

2. The human element is as important as the hardware/software 
concerns. 

3. Programming is more valuable than CAI, although the quality of 
CAI is improving. 

4. Machines are not culturally biased. 

5. The project is recommended for upgrading reading and Wh skills 
and for computing skills. It is essential for the schcWl to 
have its "computer act" together. 

6. Principals need to be taught about micros. 

7. Media centers should subscribe to computer education journals. 

8. Research on minority children's response to computers is 
encouraged. 
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CONFERENCE CONTACTS 



Name/Address 



Telephone 
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Resource List 
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X. Printed Materials 

A. Computer Education Magasines 
Classroom Computer News 
Computing Taacher 
Electronic Learning 
Electronic Teaching 

T.H.I. Journal 
MM Journal 
AIDS Monitor ' . 

B. Journala abatractad in Microooaputar Indax i a subject index 
covering over 1,250 alorocoaputer aagaaine articles, including 
aba tract a > published quarterly? online version that can be 
accessed by a terminal using a phone line also available. 
Asterisked (*) journals contained articles in 1981 
specifically relating to education. 



1 

C. Journala abatractad in Exceptional Child Education Resources 
that contained articles (1980-81) relating to the use of 
computers in educational settings: 

Aaerican Annals of the Deaf 
Special Education: Forward Trends 
Journal of Special Education Technology 
8/C/T 

Australian Journal of Developmental Disabilities 
Aaerican Journal of Mental Deficiency 
Journal of Learning Disabilities 
Educational and Psychological Maasureaent 
, Mental Retardation 

Teacher Education and Special Education 

Education Unlimited 

Gifted Child Quarterly 

Child Welfare 

8ocial Work 

School Shop f 



80 Microcomputing* 
Apple Orchard 
Byte* 

Call A.P.P.L.E. 
Compute* 

Creative Coaputing* 
Dr. Dobb's Journal* 
Info World* 
interface Age* 



Kilobaud Microcomputing* 

Mioro* 

Nibble 

On Computing* 

Personal Coaputing* 

Recreational Coaputing* 

Micro 

Softside* 

Sync 
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Journals abstracted in Currant Index to Journals in Education 
(CIJI) that contained articles (1980-81) relating to the use of 
computers in educational settings: 

Educational Cosqputer Magazine 

Business Education Forum 

School Library Journal 

Journal of Educational Technology Systems 

Information Processing and Management 

NASPA Journal 

Media and Methods 

Reading Resttarch Quarterly 

Educational Leadership 

foreign Language Annals 

Educational Technology 

Economics of Education Review 

Training and Development Journal 

Voc Ed 

Exceptional Child\ 

Mathematics Teacher 

Journal* of Educational Review 

Additional journals containing articles relating to the use of 
computers in educational settings: 



Cloud Magasine 
Computer world 

Intelligent Machines Journal 

MACOL Journal 

Minicomputer Mews 

Morth Star Newsletter 

PET Paper 

PET User Motes 

Rainbow 

TRfl-80 Monthly Newsletter 
Instructional Innovator 



TRS-80 Software Exchange 
TRS-80 User Motes 
TRS-80 Users Group 

Newsletter 
User Notes: 6502 
Viper 

80- OS Journal 
99'er 

S100 User Notes 
ACCESS: Microcomputers in 
Libraries 

Small Computers in 
Libraries Newsletter 
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XI* Agsnciss and Associations 



A. Stata-vids organisations 

Stats Dspartwnts of Education 
Onivsrsitiss and Collsgss 



B. Nation-wide organisations 

Microcomputer Software and information for Teachers 
(MICB06IPT) (K-12) 

Northwest Regional Educational Laboratory 

300 SW 6th 

Portland , Oregon 97204 
i5C3) 248-6800 

Association for Educational Data Systems (\EDS) 
1201 16th Street, N.W. 
Washington, E(.C. 20036 
(202) 833-410^ 



Project Local (Programmed Instruction) 
200 Nahatan Street 
Westvood, Massachusetts 02090 
(617) 326-3050 , 

Association for Development of Computer -Based 
Instructional Systems (Programmed instruction) (ADCIS) 
Computer Center 

Western Washington university ' 
Bellingham, Washington 98225 
(206) 676-2860 



National Consortium for Computer -Based Music Instruction 
(Programmed Instruction) (MCTOU) 

School of Music 

University of Illinois 

Urbane, Illinois 61801 

(217) 333-0675 

Association of Computer Users (Information Processing) 
(ACT) 

P.O. Box 9003 

Boulder, Colorado 80301 

(303) 499-1722 



Minicomputer Users Interest Group (Information 

Processing) (MUIG) 

Department of Computer Scier.ce and Statistics 
California. Polytechnic State University 
San Luis Obiopo, California 93407 
(805) 546-2824 
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Special Interest Group for Computer Uaes in Education 
(Instructional Development) (SIGCUK) 

c/o Association for Computer Machinery 

1133 Avenue of tha Americas 

Nev York, Haw York 10036 

(212) 265-6300 

tha National Cantar for Research in Vocational Education 
(publishes a mini-list of resources for microcomputers 
in education) 

Tha Ohio State University 

i960 Kenny Road 

Columbus, Ohio 43210 

(800) 848-4815 or (614) 486-3655 

CONDUIT (Bier education) 
P.O. Box 388 
. University of Iowa 
Zona City, Iowa £2244 
(319) 353-5789 

Computertotm, USA* 
P.O. Box B 

Menlo Park, California 94025 
(415) 327-0541 

Association for Coeputing Machinery (ACM) 
1133 Avenue of the Americas 
New York, Maw York 10036 
(212) 265-6300 

International Council for Computers in Education (ICCE) 
Department of Computer and Information Science 
University of Oregon 
Eugene, Oregon 97403 
(503) 686-4408 

Minnesota Education Computing Consortium (MBCC) 
2520 Broadway Drive 
St. Paul, Minnesota 55113 « ' 
(612) 376-1122 

Society for Applied Learning Technology (SALT) ! 
50 Culpepper Street 
Warrenton, Virginia 22186 
(703) 347-005* 

Technical Education Research Centers (TERC) 
Computer Resource Center 
9 Bliot Street 

Cambridge, Massachusetts 02138 
(617) 547-3890 
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C. User' a Groups 

Appl« for the Teacher (National tpyU Computer) 
5848 Rifidio StrMt 
Citrus Heights, California 95610 

Apple Cart 

23 Van Bur an Straat 
Dayton, Ohio 45402 

Keystone Apple Cora (TRS-80 usar'a Group) 
4844 Carliala Pike 
Machanioaburg, Pennsylvania 17055 

Pittsburgh Araa Computer Club 
400 Salthf laid Straat 
Pittsburgh, Pannsylvania 15222 

Pannsylvania Araa Cosputar Sooiaty 
(Apple, Pat, Radio Shack) 
LaBalla Collaga 

Philadelphia, Pannsylvania 19142 

Philadelphia School District (Apple User's Group) 
Philadelphia School District 
Parkway at 21st Street 
Philadelphia, Pennsylvania 19103 

Cosputar -Using Educators (COS) 

Independence Sigh School— Cosputar Center 
1776 education Park Drive 
San Joee, California 95133 

Call Apple 

(206) 271-6939 



Cosputeriiad Inforaatlo n OtilltUa (cosputar networks that provide 
1) access to a date base, e.g., KMC and 2) cosputar (software) 
siograas that say be ordered and delivered directly over phone 
lines) 

QQBK 

Leo Murray, Vice President of Public Affairs 

75 Rockefeller Plata 

Hew York, Hew York 10019 

widely-publicized, two-way cable TV station 
that offers normal cable TV, pay TV and local 
channels with scow interactive programs 
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VIEWDATA 

Viewdata Corporation of America 

One Hefield Flasa 

Hi ami, Florida 00101 

a type of interactive text service 

Teletext 

John Carey 

New York University Alternate Media Center 

144 Bleeker Street 

New York, New York 

a constant stream of text and pictures 
broadcast over a TV station, each page coded 
with pre- selected keywords 

CBBS 

Craig Vaughan 

Peripherals Unlimited 

3450 B. Spring Street, Suite 206 

Long Beach, California 90806 

PCNET (Personal Computer NSTwork) 
People's Computer Company 
Menlo Park, California 

The Source 

Computing Corporation of America (TCA) 
1616 Anderson Road 
McLean, Virginia 22101 

the first home-terminal consumer information 

network in America 

Micronet 

Personal Computing Division 

CompuServe, Inc. 

5000 Arlington Centre Blvd. 

Columbus, Ohio 43220 

a home-terminal computer network, piggybacking 
off the CompuServe time-sharing company. 
Micronet concentrates on business programs, 
file editing and electronic mail 

Electronic Information Exchange (BIBS) 
Anita Graaiano 

Computerised Conferencing and Communications Center 

New Jersey Institute of Technology 

323 High Street 

Newark, New Jersey 07102 

a nationwide community of about 1,000 members, 
dividyJ into groups devoted to specific 
topics, e.g., Technology for the Handicapped, 
Genera^ Systems Theory 



231 

236 



PUZO 

Control Data Corporation 
P.O. Box 0 

Minneapolis, Minnesota 55440 

computerised instruction program 

Panalog 

Bd Housman 

GTB Laboratories 

40 Sylvan Road 

Waltham, Massachusetts 02154 

an informal community of information 
scientists, students and researchers in 
; technology for the deaf 



IV - 8-Bit Microcomputer So ftware for Educational Administration Preface 

The following represents a reasonably comprehensive list of the 
available software for the educational administrator. Many schrols 
and districts are doing their own programming and implementation 
which is not being published. This field is beginning to grow very 
quickly, so this list is not claimed to be complete. 

Education-Specific Software % 

A. Charles Mann i A*, relates (APPLE u 48k) 
7594 San Remo Trail 
Yucca, California 92284 

1. Personal text processor 
o Administrative aids 
o Teacher » 

o $65.95 
*o 3.2 

o This program aids the school's secretary in preparing 
the school correspondence* '* 

2. Grading systems programs 1 
o Administrative aids 
o Teacher 

o $199.95 
o 3.2 

o Helps teachers and administrators keep track of 
grades, emulative averages and school credits. 

3. The class scheduling program 
o " Administrative aids 
o Teacher 

o $25.00 
o 3.2 

o This allows the user to perform a number of functions 
involved in class scheduling (including courses 
available) . 
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4. Srading systems programs II 
o Administr* tivr aids 
o feacher 

o $249.95 
o 3.2 

o This program is a combination of the "grading systems 
program I* and a light pen which minimizes teacher 
keyboard entry. 

Microdynamics Educational Systems e Inc. 

2360 Stf 170th 

Beaver ton, Oregon 97005 

1. Various educational templates/modules are available for the 
OB Master (see part II) 

'Management Information Technology in Education (MITIB) 

School of Education 
University of Colorado 
Boulder, Colorado 80309 

1. Enrollment projections by survival ratio method 
Logistics curve forecasting 

Data Processing Consultants 
2405 San Pedrc X.I. 
Albuquerque, lev Mexico 87110 

1. Iominization package 

o 3.2 J 

o Retains personal data on all students as well as dates 
\xA status for up to six immunisations* Calculates 
next date for shot and prints a report. 

Hot ument Computer Service 
VilJage Data Centre 
P.O. Box 603 

Jrstaa freer California 92252 

1. Assistant principal 
o $500. 00 
o 3.2/AS 

o This package provides total control of class rosters, 
student master records , student schedules r teacher 
assignments and grade reporting. 
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Bell a Bow 11 

7100 NoComick Road # 
Chicago, Illinois 60645 

1* Grade system 

o $450. i 
o 3.2/A* 

o This ia a comprehensive grading system that allow* 

gradaa to, be kapt and stored for up to 600 students on 
one diskette. 

at B— «rch 
Oiaoovery Park 
Univeraity of Victoria 
P.O. B« 1700 

Victoria, B.C., Canada V8w 2y2 

1. The Adminiatratore' Apple Package 
o $500.00 
o 3.2/3.3 

o The package consists of attendance, demographic and 
textbook systems. The package has a word processing 
capability which allows for personalized attendance 
letters to parents. 

0MB1C0 Co mputer Aaaociatea. Inc. 
3300 Buckeye Road 
Atlanta, Georgia 30341 

1» Baglatrar 
o $650.00 
o 3.2/ 

o This is a complex registration system for high schools 

Br i doer High School District 
429 M. Park Avenue 
Bridger, Montana 59014 
(Carl Fox) 

1. Very comprehensive small district or single high school 
aeries of software packages for TRS0-80 
State Validated material includea 
o Financial management 
o Student accounting, l eduling, etc. 
o Staff accounting 

o Miscellaneous (school calendar, sports data, etc.) 
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General Software of use in Educational Setting 



A. Word Processing Systems 

1. Every microcomputer manufacturer has at least one word 
b processing system which they uarket for their machine* In 
addition, several others are available from independent 
producers which they will tell you about. 

B. Specialised Word -Processing 



o Catalog writer 

o Business education administrative aids 
o Junior/senior teacher 

o Cook's Computer Company , 1905 Bailey Drive, 

Mar shall town, ZA 50158 
o $19.95 
o 3.2 

o This is a word processing system designed to produce a 
descriptive catalogue 



Decision-Making Aids 

1. Electronic work sheet type 

Vlaicalc Personal Software, Inc. 

592 Wedden Drive 
Sunnyvale, CA 94086 
DB Master Stoneware Microcomputer Products 
1930 Fourth Street 
San Rafael, CA 94901 



2. Desktop Plan 



Personal Software, Inc. 
(See above) 



3. 



VlsiPlot, 
Visitrend 



Personal Software e Inc. 
(See above) 



Accounting Packages 



1. The Controller 

o business education 

o teacher 

o Apple Coiuputer, Inc. 

o local dealer 

o 3.2 

o This is a comprehensive accounting system 



B. Data Base Management Systems 

1. Da j Factory / 
o Microlab 

3218 Skokie Valley Bd. 
Highland Park, Illinois 60035 

4 
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il Software 
Iden Driva 



Sunnyvale, California 94086 % 



3. CB Mao tar 

o Stoneware Microconputer Products 
1930 Fourth St* 



4. Database Hana^er-l (CR0MBHCO) 

o Condor Computer Corporation 
3989 Research Park Drive 
P.O. Box 8318 

Ann Arbor , Michigan 48107 

5. Global 

o Global Parana tar a 
1505 Ooaan Ave. 
Brooklyn, Man York 11230 



San Rafael, California 94901 
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APPENDIX 
COMPUTERS IN THE CLASSROOM 



Northwest 
Laboratory 



* 



COMPUTERS IN THE CLASSROOM 



Written and Printed byt 




Northwwt Regional Educational Laboratory 
300 8.W.SMh Avenue 
Portland, Oregon 07204 
Ibteptiona (803) 24S-6S00 



Prepared fort 
The Portland Public School Dietrict 



v Portland, Oregon 



Copyright Jujy, 1980 
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Preface 



Thie docuMitt vu prepared by 
the staff of the Computer Technology 
Program of the Horthveet Regional 
Educational Laboratory persuant ro a 
contract with tha Portland Public 
Schools, Oregon. It la a statement 
of tha acopa of Instructional 
computing and a definition of lta 



components for teachers and adminis- 
trators to use as a f ramevork for 
further reading and discussion* 
This document la not a definition 
officially approved by the Portland 
Public Schools. It represents the 
opinion of the staff of the Computer 
Technology Program. * 
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Teaching About Computers 



Student reaction to computers in school is almost 
universally positive. Even those who are initially 
threatened by the computer quickly become intrigued. 

Christine Doerr 
Microcomputers and the 3 R*s 



Elementary and secondary 
students typically study th* 
computer in four major coursework 
areas, which are described" in the . 
following pages. These areas 
provide a reasonable framework in 
which to envision present and future 
computer-based instruction. It may, 
however, be organized somewhat 
differently in special cases and, in 
the future, new areas may develop to 
such an extent that they merit 
separate course content and 
definition* 



Computer Literacy 

While the content of other 
computer courses alms at a more 
in-depth comprehension of and 
experience with the computer as a 
machine and tool, the computer 
literacy course focuses on the 
computer as an increasingly 
important technology influencing 
our private and public life. The 
computer is Identified as 
contributing to the solution of 
social and economic problems and in 
creating the environment for people 
to create new problems. Although 
limitations on hardware capabilities 
are decreasing rapidly, limitations 
of people to deal with the computer 
are not dropping as quickly. 



As defined by the Oregon 
Commission on Computers in 
Education, computer literacy 
involves the achievement of: 

•••awareness, attitudes, and 
knowledge necessary to 
understand the effects of the 
computer *n society. It is 
essential that everyone be 
cognizant of the capabilities 
and limitations of the 
computer and be attuned to 
the social, vocational aud 
governmental implications of 
the increasingly widespread 
utilization of computers. 

Hansen, Klassen et_ al^. in their 
article "Computer Literacy Courses" 
( AEDS Monitor . October, 1979, p. 
2$~36), describe computer literacy 
courses currently taught as varying 
widely in content, often including 
elements of programming, computer 
operations, etc. But as computer 
courses become articulated in the 
modem curriculum, "literacy" 
courses should generally focus on 
broader concerns: 

• What is the student's 
orientation to computers? 

• What is the present and future 
role of the computer? 
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• What are the capabilities and 
limitations of computers? 

# What implications do computers 
have for society? 

Orientation may typically 
Include the history of computing, an 
overview of computer parts and how 
they work, and a general Intro- 
duction to how people communicate 
with and control computers* Some 
exposure to computers In hands-on 
experience should be Included* 
Present and future role discussions 
may Include an introduction to the 
uses of computers in government, 
business, medicine and science, 
education and information centers, 
and future visions of innovative, 
expanded and newly created roles for 
hardware and software. Capabilities 
and limitations of computers may 
focus on present and potential 
characteristics of speed , accuracy, 
access and storage dimensions, 
versatility, compatibility as well 
as its various technical limits and 
limitations* The spectrum of • 
implications which computers hold 
for society in the present ana 
future may include looking at its 
positive and negative impact on 
individuals, groups, the economy, 
education, employment, and so 
forth. 

A special burden of "currency" 
is implied for the computer literacy 
course which, by its nature, 
addresses the broadest school 
audience with a generalized 
introduction to the computer. 
Instructors of this course will bte 
required to keep its content current 
with technical Innovations and their 
impact and implications for society. 

Instructional objectives may 
also be met by Incorporating them in 



other Established courses at a 
variety of grade levels. In this 
alternative format, the previous 
coimaeuts on content still apply, bu 
simple concepte may be covered earl 
in the student 9 8 school 11 *e* 
Requisite mathematics may be handle 
in the math curriculum, electronics 
in the science curriculum, and 
social impact in the social studies 
curriculum. The useful application 
of computers may be exemplified by 
using the computer as a matter of 
course whenever it Is useful In 
school work for simulation, problem 
solving and other techniques. 



Computer Science 

The definition of computer 
science provided in Computer 
Applications in Instruction , by 
Judith B. Edwards et al., continues 
to apply: 

Courses in computer science 
usually Include a practical 
Introduction to the computer 
as a machine, giving 
attention to the basics of 
how it operates, how to run 
programs, on it, and how to 
write programs. These 
courses may be given 
independently of mathematics 
science, or business courses 
or they may be associated 
with a related discipline in 
order to offer students more 
specialized and useful 
exposure to computer 
programming. 

The aim of computer science is, 
therefore, the study of the machine 
and related technology, including 
programming the computer to achieve 
specific ends. The study of 
computer science and programming ha 



been successfully included in the 
, curriculum at any level of 
education, beginning as early as 
grade one. 

The focus of computer science at 
the elementary and s mdary levels 
will increasingly be on the small, 
accessible microcomputer as it 
becomes nor* available. The larger 
and more complex machines involved 
in time-sharing c ompu t i ng— vhe r e the 
actual mainframe computer is usually 
Inaccessibly located at a 
distance — may continue to be the 
focus of computer science at the 
college levels. Pre-college 
computer programming will involve 
varying degrees of programming 
~ skills for problem-solving and/or 
data processing, depending on the 
discipline (s) with which the course 
is associated. Although the 
programming language taught will 
usually be a version of the general 
purpose BASIC, some micros now have 
PASCAL, COBOL, FORTRAN and other 
language options which may be 
preferred in specific situations. 



Computer Languages 

Computer languages are not as 
complex as a natural language like 
English, but there are parallels. 
Computers accept words and symbols 
as commands to perform certain 
functions. It may be as simple as 
multiplying two numbers which 
requires very few language words 
(programming steps). Or the desired 
outcome may involve hundreds, even 
thousands of steps. Computer 
languages have a rigorous vocabulary 
and syntax* A missing comma or 
misspelled word can thwart an entire 
program. 

A programming language is 
converted ^ the computer into 
"machine language**— electronic 



impulses across circuit boards. It 
is possible to by-pass a programming 
language and communicate with the 
computer directly through machine 
language. It is much more difficult 
to learn, but when understood 
provides greater flexibility for 
program creation and manipulation. 

The range of computer languages 
being included in elementary and 
secondary programming instruction is 
expanding to greater contact with 
and understanding of the computer 
itself. Some programming languages 
serve a general purpose and are 
relatively English-like: BASIC, 
COBOL, FORTRAN and so forth. These 
are the usual focus at pre-college 
levels and provide for varying 
degrees of programming proficiency. 
Students can be introduced to some 
of the more specialized languages 
such as PASCAL or even LOGO which 
may be especially suitable in 
specific situations where 
programming is being taught. 

However, as microcomputers 
become more andWe available in 
the school setting and so provide 
personal control, an Increasing 
number of students will have the 
opportunity to develop abilities in 
machine language as well. 

Classes in computer languages 
may aim at various goals, including 
the manipulation of the computer 
itself (as in the development of 
system software), the programming of 
games, simulations or graphics, and 
the creation of problem-solving 
programs for various uses. 



Vocatlonal/Pre-Professional Skills 

Traditional courses teaching 
vocational or pre-professiorial 
fkills include practical training in 
keypunching (the preparation of data 
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on keypunched cards), terminal 
Operation , computer operation and 
programming for data processing 
functions. This focus will continue 
to be important due to the continued 
prevelance of data processing 
operations in business, government 
an J sciences. Therefore, the terms 
"vocational or pre-professional 
skills" will necessarily include 
these training areas. 

As the technology continues to 



change rapidly, however, modifica- 
tions in traditional skills and 
entirely new skills will become a 
part of training programs. For 
example, keypunching will decline in 
importance as direct data entry 
becomes more common. Further, as 
the use of microcomputers spreads fn 
business and government, special 
vocational training will begin to 
focus on the operation of 
microcomputers and their peripherals 
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Teaching With Computers 

When teachers first consider a computer in their classroom, 
they are gripped by an all 'too-common fear - the fear of 
being replaced by a machine. On the contrary, the computer 
by itself can never be as effective as a human teacher; an 
alliance of the two, however, creates a powerful teaching 
force. 

Christine Doerr 
Microcomputers and the 3 R's 



During the last decade, the uses 
of computers in instruction have 
multiplied to Include a great 
variety of roles for the computer as 
an instr tioaal instrument. The 
m&in modes of computer use defined 
below are; drill and practice, 
tutorib' , simulation, problem- 
solving, and information retrieval. 
It is important to ^ote that these 
descriptions are "working 
definitions'* for the purpose of 
general conceptualizations. In 
practice the roles may overlap, 
combine or deviate from the typical 
patterns described here. Each of 
the roles also finds application 
across grade levels and curricular 
areas. 



Drill and Practice 

Drill and ^actice with the 
computer ha r irticular value where 
bpecific fa eed to be learned or 
specific ski* ^ need to be 
developed, such as in arithmetic, 
spelling, history, reading, 
languages and the sciences* 

As defined sirnpl) by Edwards et 
» drill and practice 

. *.ir plies that the computer 
can act as a drillmaster. 



Students first develop a 
skill or acquire some ^actual 
knowledge—without the 
computer. . . they then use the 
computer to review and 
practice these skills and 
concepts. 

The special utility of the 
computer in this educational role is 
described in the AEDS Journal 
special issue, "Microcomputers: 
Their Selection and Application in 
Education": 

A student's tolerance (and 
need) for routine, 
repetitious practice may 
exceed an instructor's (or 
parent's; available time or 
patience..., Just the 
tireless patience of a 
computer makes drill and 
practice on such a medium 
valuable. 

Thf» Jrill and practice format is 
usually a basic computer-originated 
question (or problem) and 
student-entered answer format. 
Within this general desiga, a great 
variety of methods are used for 
indicating correct or incorrect 
responses, providing cues or hints, 
tracking students along a gradient 
of problems according to answers, 
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grading performance, and so forth* 
This differs from the tutorial mode 
In that drill and practice Imports 
no new skill or Information* 

A significant advantage of using 
the computer as a drill master Is 
Its capability of simultaneously 
acting as a teacher's aide by 
keening detailed records of student 
performances* This role, however, 
will be considered a specific 
function of the computer In 
"managing instruction, " discussed 
below* 

The introduction of micro- 
computers will expand this use of 
computers across the curriculum and 
grades, including special students 
who can benefit from patiently 
conducted drill* Most drill £iid 
practice programs do not require 
Ltorage capabilities in excess of 
what micros can typically handle* 
The small size of mlfcros makes them 
uniquely accessible to children in 
the primary grades where drill is 
daily a part of the instructional 
process* 



Tutorial 

In the tutorial mode approach 
the computer acts as a tutor, 
providing new factual information 
and engaging the student in a 
question~and-answer dialog about 
that information* The computer can 
be programmed to guide the student 
into integration of Information and 
discovery and in routing the 
student through helpful additional 
or remedial inf brmation on which he 
or she can be further engaged i.i 
dialog* While drill and practice 
typically discriminates only right 
answers from wrong, tutorials can be 
programmed to deal with any 



conceivable response, which 
heightens the interactive quality 
for the student* The assumption in 
tutorial mode is tha, the algorithm 
for teaching a topic is well defined 
and can be programmed for a computer 

Ordinarily a great deal more 
memory and/or storage capability is 
required than in simple drill and 
practice, making the size of the new 
smaller micros (e.g., 8K) a possible 
limiting factor for this role in 
today's classroom. However, with 
disk pr Jtape storage capabilities 
relatively unlimited for most 
micros, even unusually large 
tutorial programs may be fitted to 
t u * smaller micros. 



Simulation (modeling, gaming, 
scenarios) 

Simulation applications are 
those which operate on and present 
experience with a model of physical 
or social situations* The model 
simplifies the situation being 
presented. It can be organized as a 
pedagogical scenario or as a game 
with which the student interacts ,in 
order to accomplish certain goals 
(reach the end, win, survive, 
etc.). This ir jde may be the moot 
popular among students and teachers 
alike as it can provide exceptional 
motivation and interest* Simulation 
is often responsible for providing 
the only practical, safe or possible 
experience with a given situation 
under study* For example, studies 
of hereditary characteristic 
transler or radioactivity which, for 
reasons of time and/or safety cannot 
be conducted in the classroom, can 
be simulated by a computer program* * 

The difference between simula- 
tions and pure games may often be 
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obscure . In an ecology simulation, 
for example, where two life forms 
compete for survival, the goal of 
surviving nay easily translate into 
"winning" and the competition be 
experienced as a game* For purposes 
cf distinction it may be useful to 
designate as a simulation any 
computer application which presents 
experiences with instructive 
Information by modeling "real world" 
situations. When the ming mode is 
highly visible, as in an economics 
simulation where the student saves 
the country from economic collapse 
by strategic decisions about 
resources and policies, the 
appllcatlr may be classified as a 
"simulation-game. w The computer 
program which presents 
non-Instructional information 
(however Interesting or applicable 
to real work situations) in a game 
mode may qualify as simply a 
"game." It must be kept in mind 
that pure games. are sometimes very 
effective in classroom use, for 
example, in introducing computer 
use, in promoting cooperative 
behaviors, and so forth. 



Problem-Solving 

The role of the computer in 
problem-soling may be divided into 
three essential uses: using the 
computer (1) as a calculator, (2) as 
a complex problem-solving device, 
and (3) as a vehicle for teaching 
problem-solving • 

In this first role as a 
calculator, the computer offers 
speed and accuracy in performing the 
kinds of complex calculations often 
required in mathematics, science, 
and business courses where the 
solving methods are not the central 
focu*. Affordable and convenient 
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hand-held calculators offer just 
this problem-solving capability, but 
in a much more limited fashion. 
They generally do not provide a 
print-out of calculations, and the 
memory capability is markedly 
inferior to that of i computer. 
Computers offer large display 
capacity or hard copy on which to 
track and trace calculational work, 
often an important feature for the 
student generating or ufcing 
solutions to complex problems. The 
advent of the microcomputer brings 
the power of much mere complex 
calculations into use by students at 
fer less cost than previous 
time-sharing computing required. 

In the second role as a complex 
problem-solving device, the computer 
is used not simply as a calculator 
but is employed as a tool for 
solving complex (multi-dimensional) 
problems and providing large amounts 
of otherwise inaccessible 
information. Problem-solving 
programs do not deliver instruction 
or correction; th*y simply allow the 
student to enter all the data needed 
to solve ths problem(s). The 
computer then performs all 
manipulations and provides the 
answer. For example, using a 
typical program designed to solve 
problems concerning payments on 
long-term loans, the student might 
be directed by the program to enter 
information on amount borrowed, 
interest rate, and term of loan. 
The computer would then perform all 
necessary manipulations. A printout 
(or display) could provide an entire 
payment picture from a schedule of 
outstanding balances at the 
beginning of the payment periods to 
period-ending interest and principal 
payments due. Or a simple 
problem-solving program which will 
factor trinomials may direct the 
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student to enter values for 3C» £, 
and £ after which it *ill perform 
the necessary manipulations and 
printout or display the factors. 
Such programs are designed to solve 
many problems of the same kind 
quickly, one after the other* 

The third problem* solving role, 
ulng the computer as a vehicle to 
teach problem-solving, centers on 
students writing programs to solve a 
problem* According to Edwards et 
al* . the use of computers for 
teaching problem-solving was, in 
197 S, "probably the most popular 
instructional use of the computer to 
date, since typically fewer 
curriculum materials are required 
and prewritten programs ar$ not 
needed* 4 This situation appears to 
be unchanged at the beginning of the 
1980' a. Computer-based curricular 
materials are still limited,, 
especially in schools which are just 
beginning to ijse computers in < 
instruction and have no experience 
in collecting, testing and using 
instructional programs* As ' 
computer-based materials become more 
readll> available, che unique 
capability of tjje computer in the 
area of teachl4ig\>roblem-solvlng 
will continue to pe one of the 
technology's strongest educational 
tools* 

Teaching problem-solving through 
programming centers on the students 9 
grasping programming methodology and 
a programming language sufficiently 
to ?&gn (program) the steps that 
%r> produce the solution to a 
pro. em* It demands logic, 
precision and an understanding of 
the concept being programmed. 
Development of these skills is 
thereby taught and encouraged. The 
computer is being used successfully 
in this way as early as grade one, 



where just a few skills in 
flowcharting and programming can 
equip children to program 
problem-solutions wltu clarity and 
considerable enthusiasm* At higher 
levels, instruction in problem- 
solving through programming can 
become highly technical and 
complex* It can begin to encompass 
°uch domains as game development, 
data management, industrial drawing 
using specialized graphics, and so 
forth. 

As tidth the computer roles 
described previously, the 
application of the computer in 
problem-solving can be used 
effectively in many different 
Qurrlcular areas* The relevant 
requirement is simply that some 
problem-solving be taught or 
involved in the successful study of 
the subject* This, of course, makes 
the major disciplines of mathe- 
matics, sc.* ^ces and business 
especially roprlate at all levels 
for these ater uses* 



Information Storage and Retrieval 

This mode of use Involves a data 
base and the use of a program to 
summarize, compare, analyze and 
otherwise manipulate the data stored 
in it. A major application is the 
collection and a>^lysis of data 
through surveys or questionnaires. 
Another is the collection of 
historic data about a community or 
other entity from records, to create 
a "picture" or "model" of that 
community. A good retrieval program 
would then allow students to pose 
questions about the nature of life 
in that community which could be 
answered by selecting relevant 
information. 
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Another major application in 
this classification i« the use of 
large data bases for guidance and 
counseling. Several such systems 
exist which enable students, 
teachers and' parents to quickly 
search for available opportunities 
and prerequisites for various 



careers, and the opportunities for 
post -secondary education. The 
databases are usually regional or 
national in scope and can be 
searched in a few minutes according 
to a wide range of criteria. The 
time savings and the comprehensive 
nature of the information are very 
valuable features. 



ERLC 



251 



Computer As 
Teacher Support 



Teachers are freed from the negative roles of "judges/' 
and they are free to expand their roles as mentors; yet 
at times the innovative student makes the breakthrough, 
providing the teacher with one of the great rewards in 
this profession* 

Christine Doerr 
Microcomputers and the 3 R*i 



While the computer offers a wide 
range of educational capacities — as 
a subject of study and as a vehicle 
of instruction—the technology's 
capabilities can be of immens# value 
as an aide to the teacher as well. 
The computer provides expanded 
resources for designing, teaching 
and analyze ng instruction and 
performance thereby increasing 
efficiency and success in the 
classroom* The four general 
categories described below encompass 
the major services computers can 
perform for the teacher. 



Goal/Objective Setting 

Goal or objective setting 
involves establishing evaluation 
criteria and a continual 
reorganization of quantities of 
information and regarding students, 
teaching materials, scheduling, 
etc* The computer can, provide 
teacher support in this essential 
area by providing storage and * 
retrieval capability and analysis of 
data where time had often prohibited 
such preparatory work* 



Evalua t ion/Assessment 

The aim of evaluation/assessment 



is described in the TIES manual on 
"Instructional Management Support , H 
as being 

• ••to detent' « how the 
student performs in relation 
to the goals and/or 
objectives, and assessing th 
instructional procedures and 
tools used* This may lead t 
a redefinition or restatemen 
of goals and/or objectives o 
may result In a change in 
teaching techniques and/or 
strategies. 

Computer support of evaluation/ 
assessment activities Includes test 
item generation, storage and 
retrieval, and scoring and analysis 
of tests. This may offer the busy 
teacher important information and 
insight d for which tim€ may not 
otherwise be available* Computers 
can further supplement the 
evaluation/assessment activity by 
generating reports of student 
progress, status, grades and 
summaries of data. 



Diagnosis 

Greater stress is increasingly 
being placed on diagnosis and 
successful remediation in situation 
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of learning difficulty or failure. 
Computers can play an important role 
in assisting the teacher to develop 
a complete student profile of 
strengths, weaknesses and other 
variables necessary for analysis of 
the learning* situation and diagnosis 
of student needs . The computer 
offers storage and retrieval of 
significant historical records as 
veil as comparative data from norms 
testing. Diagnostic tests can be 
generated for use in more definitive 
analysis; the quantitative aspects 
of analysis can aloo be handled by 
the computer Summaries and reports 
involved in effective diagnosis 
therefore become more accessible to 
educators • 



Planuiog/ Prescribing 

Ihe process of planning and 
prescribing is partially defined in 
the TIES manual cited above as that 
step in "determining the educational 
experiences and settings necessary 
to meet the Instructional needs." 
This Involves the consideration of 
student diagnostic information as 
well as other available resources, 
strategies and activities. The 
coaputer can serve by: 

s providing grouping and 
scheduling routines, 

s storage and retrieval of 
relevant diagnostic data and 
instructional material 
references, 

a generation of individual or 
group activity prescriptions 
for a designated time peilod 
such as an hour, day, or week 

The essence of planning and 
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prescribing is determining which 
student should be placed with, which 
teacher in what space and time with 
what resources to reach which 
objectives. 

In addition to the aspects of 
computers in instructional 
management discussed above, other 
more general capabilities of the 
computer as a teacher's aide should 
be kept in mind: 

a computer-based information 
storage and retrieval can 
play an important rdle in 
collection of .materials for 
instructional presentation, 
which otherwise require 
time-consuming searches 
through files and 
libraries. Faither, the 
storage and retrieval 
capability of computers has 
been effectively used for 
presenting career guidance 
s information. 

e materials generation is a 
* capability of the computer 

which utilizes the 
computer' 8 storage and 
retrieval power with its 

X printing Capability to 
create specialized 
c ompu ter-inte Tactions, 
individualized worksheets, 
text materials and so 
forth. Such materials can 
be tailored ^o class or 
individual by the teacher. 
This capability may be 
combined with the 
evaluative, diagnostic and 
planning activities 
discussed above to produce 
an over-all 
individualization of 
Instruction. 
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v) APPENDIX 



Glossary of Computer-Related Terms 

• • • • A rectangular electronic tablet which causes 
designs drawn on it with a special pen to be 
stored in coded form in a microcomputer for 
later display on the video screen (CRT) . 

. • . . Computer Assisted Instruction, usually 

encompassing drill and practice and tutorial 
applications of computers, but also used by 
some to include all -Instructional 
applications. # 

> • • • A small plastic cartridge containing 

one-eighth-inch magnetic tape for use in 
cassette recorders. 

... Computer -Based Education, refers to all 
instructional applications of computers. 

. . • Computer Managed Instruction, refers to the 
use o£ computers to assist in the management 
of instructional activitives. 

. . . Cathode Ray Tube, a video display screen. 

• . . The collection of all data used and produced 
by a computer program. In large systems/ 
data base analysis is usually concerned with 
large quantities of data stored in disk and 
tape files. Scalier microcomputer systems 
are more frequently concerned with data base 
allocations of available memory locations 
between the program and data storage areas. 
Also called data bank. 

. . . The task of storing data in a computer from 
a device such as a terminal or card reader. 

... A mechanical and electronic device which 

stores and retrieves information from a disk. 

... A procedure enabling the microcomputer to be 
used like a terminal when connected to a 
central ttae-sharing computer system. A 
program stored in the central computer can 
be transferred to the microcomputer and 
stored in the micro's memory. This program 
can then be saved by the microcomputer on 
its storage device (i.e., floppy disk) for 
later use. (Urloading is a transfer from 
micro to central system.) 



Drill and Practice 
EPSON ...... 

Floppy Disk . . . 

Game 

Graphics 

Hardware 

Joystick 

K 

Keypunching • • • 

Line Printer. • • 
Magnet* ic Tape • • 

Microcomputer . . 



A CAZ program in which the computer acts as 
a dridlmaster . 

Erasable Programmable Read Only Memory, 
which is like PROM except that it can be 
erased and reused. 

A magnetic mass storage medium used to store 
programs and data not currently used by the 
micro. The floppy disks are so named 
because they are soft and bend easily. 
Typical classroom micros use a mini-floppy 
which is 5 1/4* in diameter, and stores 
about 100,000 alphabetic characters. 

A Computer simulation with a win/lose 
element; the student takes partial or total 
control of one side of the action. 

Facilities to provide computer output in the 
form of displays, drawings, and pictures. 

Physical equipment such as electronic, 
magnetic, and mechanical devices. Contrast 
with "software." 

A device frequently used with microcomputers 
to control the movement of figures in a 
display. 

A metric designation meaning 1000, typically 
used in Computer terminology to mean 1000 
charabters of storage. For example, a 16K 
ntijjjro refers to a microcomputer having space 
in RAM for approximately 16,000 characters 
of information. 

The process by which original, or source 
data, is recorded in punch cards. The 
operator reads source documents and, by 
depr sing keys on a^ keypunch machine, 
converts source document information into 
punched holes. * 

An output peripheral device that* prints data 
one line at a time. 

A plastic tape having a magnetic surface for 
storing data in a code of magnetized spots. 
Data may be represented on tape using a six* 
or eight-bit coding structure. 

A computer based on a microprocessor; 
consists of the CPU, memory and input/output 
circuitry. Usually called a "micro." 
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Microcomputer System. • . . Consists of the microcomputer plus 

additional peripherals such as video display 
devices, printers, and floppy disks. 

Microprocessor Central processing unit (CPU) contained on 

one chi nicknamed a computer-on-a-chip. 

MicroSIPT Microcomputer Software and information' for 

Teacher 8, a clearinghouse for educational 
programs and information about 
microcomputers operated by the Northwest 
Regional Educational Laboratory, Portland, 
Oregon . 

MODEM . . . . An acronym for MOdulator-DEModulator • A 

device th&t permits the transmission of data 
over communication lines by changing the 
form of the data at one end so that it can 
be carried over the lines; another modem at 
s the other end changes the data back to its 
original form - that it is acceptable to 
the machine (computer, etc.) at that end. 



On-Line . A term describing equipment, devices, and 

persons that are in direct communication 
with the central processing unit of a 
computer. Equipment that is physically 
connected to the computer. 

Operating System An organized collection of software that 



controls the overall operations of a 
computer. The operating system does many 
basic operations that were performed by 
hardware in older machines, or that are 
common to many programs. It is available to 
the computer at all times by being held 
either in internal storage or on an 
auxiliary storage device. Abbreviated OS. 
A disk operating system is referred to as 
DOS. 



Peripheral. ........ Refers to devices attached to a computer 

which perfprm useful functions, such as 
printer, CRT, disk drive, bit pad. 

Problem Solving ...... An instructional une of the computer in 

which the student learns about some aspect 
of the real yorld by writing or using a 
computer program to solve the problem. 

Program . . . (1) A sequence of instructions that permits 

a computer to perform a particular task. 

(2) A plan to achieve a problem solution. 

(3) To design, write, nnd test one or more 
routines. (4) Loosely, a routine. 



Programmable Read Only Memory, which is 
programmed by special me*ns other than the 
micro keyboard. 

Random Access Memory. . used to store user 
programs; however, the contents are lost 
when the microcomputer's power is shut off. 

A device needed to modify a standard 
television for use with a microcomputer. 
It, in effect, converts the monitor signal 
from the computer to the regular TV signal. 

Read Only Memory. Contents of ROM are 
permanent and cannot be changed by the 
user. For most microcomputers, BASIC and 
the operating system reside in ROM. 

Enables the microcomputer to exchange data 
with other computers or with peripherals 
such as printers. 

A computer program based on a model which 
behaves like some portion of the real world. 

A set of programs, procedures, routines, and 
documents associated with the operation of a 
computer system. Software is the name given 
to the programs that cause a computer to 
carry out particular operations. The 
software for a computer system may be 
classified as application programs and 
system programs . Contrast with "hardware." 

(1) An input/output peripheral device that 
is on-line to the computer, but that is in a 
remote locations another room, another 
city, or another country. (2) A point at 
which information can enter or leave a 
communication network. 

A method of operation in which a computer 
facility is shared by several users for 
different purposes at (apparently) the same 
time. Although the computer actually 
services each user in sequence, the high 
speed of the computer makes it appear that 
the users are all handled simultaneously. 

A CAI program in which the computer 
describes some concept or process and then 
engages the student in a question and answer 
dialog. 
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